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FUNDAMENTALS 

OF LIGHT AND LIGHTING 



PART I 



INTRODUCTION 



Adequate light properly distributed and normal vision are the essential elements for 
quick, accurate, and easy seeing. Poor lighting wastes human resources. Improved illumi- 
nation practice has many benefits such as increased safety and reduced fatigue in industrial 

plant-, and greater ease of seeing in offices and schools. In Stores, it adds attraction 
value to merchandise, quickens appraisal by the shopper, and creates atmosphere in archi- 
tectural and decorative harmony. 

For the successful application of lamps and lighting equipment, it is essential to have 
a basic understanding of the nature of light and how we see, the physics of light and its 
measurement, methods of control, characteristics of materials used in lighting equipment, 
and the principles of illumination design. This bulletin outlines many fundamentals on 
these subjects. 

By extension, the art and science of illumination includes the application of ultraviolet 
and infrared radiation. The principles of measurement, methods of control, and many 
iloign fundamentals in these fields closelj parallel tli<>-«- lung established in lighting practice. 
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Fig. 1 . The art and science of illuminating engineering include the application of ultraviolet, visible, and infrared energy. 



LIGHT AND RADIANT ENERGY 

For the purposes ol illuminating engineering, light 

is defined as visually evaluated radiant etrergy. It is 
generally accepted that light sources i adiate visible 
mcrgy in waves which arc found in an extremely nar- 
row band in the ele< tromagnc tic spec num. This visible 
energy baud extends from .SHOO to 7*">00 Angstroms 

(251,000,000 Angstroms = 1 inch). When these 
energy waves enter i he eye, vision takes place. As 

mav be seen Irom the spectrum chart, I ; ig. I. the 
shortest visible waves produce violet light, the longest 
produce red tight. The mixture ol all colors produces 
white light. 

The band of energy just longer than the red light- 



rays is termed "infrared/' the prefix, "infra 1 ' is the 
Latin word meaning "below." The i el at ion ship ol 
these adjoining energy bands, heal or infrared encrgv 
and light or visible energy, can be visualized from the 
familial example ol turning on the heating element 
ol an electric range. Plat ing one's hand dose to the 
element, a sensation ol heat can be lelt almost imme- 
diately. As the molecules ol the element increase tin 
rate ol o anslormation ol electrical eneig\ into heat, 
pan ol the waves, become shorter and finally some ol 
them emerge Irom the inlrared region and enter the 
visible region, the range to which our eves are tuned. 
The element glows a dull red at firstj then brightens 
to a cherry red. 




If the control mechanism did not limit the current 
and the element transformed increased amounts of 
electrical energy, it would ultimately become white 
hot, which would indicate the presence of all of the 
colors of light: violet, blue, green, yellow, orange, 
and red. 

If the heating element material were of tungsten, 
as in a conventional filament lamp, a small part of 
the encrg\ would be transformed into waves shorter 
than those in the visual band, into the adjoining "ul- 
traviolet" region. The prefix "ultra" is the Latin 
word meaning "beyond. ' In tungsten-filament lamps 
ultraviolet energy is generated in inhnitesmal amounts, 
but in generous quantities in a highly efficient man- 
ner in gaseous-discharge lamps. The latter are gen- 
erally tubular in shape, contain mercury vapor, and 
are arc-discharge lamps. 

Their ultraviolet energy is ver\ useful; these in- 
visible rays are supplied by sunlamps which produce 
simian. The lamps are used in hospitals, solaria, and 
homes. The still shorter wave ultraviolet energy 
from germicidal lamps is used for destroying bacteria 
in air, liquids, or on surfaces. 

Light energy is also invisible. This paradox may 
be demonstrated by pointing a focussing-type flash- 
light at the sky on a dark night. The beam max be 
sufficient to act as a pointer to indicate a star position 
but upon close examination what are actually seen 
in it are the dust particles (motes) or vapor particles 
in the air which reflect minute quantities of light 
lowa d the eye. In a photometric laboratory with its 



Fig. 2. Light is invisible; the beam of a flashlight is visible only 
because dust particles in the air reflect light energy toward the eye. 

characteristic black walls, a beam of light is virtually 
invisible, especial 1\ when viewed at right angles to 
the beam. We see the effect of the light energy pro- 
jected to our eyes or reflected from some surlace or 
object, but not the light itself. Lighi is uhimateb 
dissipated by transformation into heal in the object 
and in the surrounding media. 



LIGHT AND HOW WE SEE 



Much as an electric lamp transforms electrical 
energy into heat and light, the visual "apparatus" of 
a human being acts as a transformer of light into 
sight. Light projected from a source or reflected by 
an object enters the cornea and lens of the cveball. 
The energy is transmitted to the retina of the eye 
(Fig. 3) whose rods and cones are activated. 

As may be seen from Fig. 3, the retina of the eye forms the 
curved back wall of the eyeball and serves as the film of this "living 
camera " Imbedded in its structure are two kinds of receptors, 
called rods and cones, which are named for their respective shapes 
The estimated 130 million rods in the 
human retina function principally at low 
levels of illumination (less than moonlight), 
in so-called night vision (scotopic). 

The cones number approximately 7 
million and are responsible for both color 
vision and the recognition of fine detail at 
levels above moonlight (photopic vision) 
The cones are the only receptors in the 
fovea which is the small area of the retina 
with which we focus upon objects or 
surfaces. This area at 14 inches is so small 
that the eye must change position to focus 
on the two dots in a colon (:). 

When the eye is subjected to very low 
illumination, vision is crude and lacking in 
detail Individuals vary in their scotopic 




Fig 3. The human eye 



The stimuli are transferred by nerve cells to the 
optic nerve, and then to the brain. Man is a binocu- 
lar animal, and the impressions from his two eyes are 
translated into sight ... a rapid, compound an;il\sis 
of the shape, form, color, size, position, and motion 
of the things he sees. 

vision, poor ni 3ht vision or night blindness is partially attributed to 
the lack of Vitamin A Dark adaptation is gradual and is not sub- 
stantially complete for half an hour or more. 

Since the rods are relatively insensitive to red light, a dimly- 
lighted red area is normally detected by an 

observer only when his line ol sight passes 

within a degree or two o< a line normal to 
the surface. 

On the other hand, rods are particularly 
sensitive to blue light. A dimly lighted 
blueareacan be readily detected by periph- 
eral vision, by not looking directly at it, 
and the effect is noticeable over a wide 
angle from the direct line of sight. A faint, 
bluish star, for example, can be more readily 
detected at night by looking "out of the 
corner of the eye." For this reason, during 
war-time blackouts, reddish light served 
best to facilitate ground and shipboard 
activities, and was at the same time least 
likely to be detected from the air 
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Photometry is the science of measuring light. The 
illuminating engineer and designer employ photome- 
tric data constantly in their work. In all fields of 
application of light and lighting, they predicate their 

choice of equipment, lamps, wall finishes, colors of 
light and backgrounds* and other factors affecting the 
luminous and environmental pattern to he secured, in 
great part from data supplied originally by a photome- 
tric lahoiatoi\. Today, extensive tables and charts 
of photometric data are used widely, constituting the 
basis for many details ot design. 

Although the lighting designer may not be called 
upon to do the detailed work ol making measurements 
or plotting data in the form ol photometric curves 
and analyzing them, an understanding ol the terms 
used and their derivation form valuable background 
knowledge. 

Most of the terms used in measuring light are 
based on the relationships existing when a one-candle- 
power source is assumed to be at the center of a hol- 
low sphere having a radius ol one loot (Fig. h I he 
souuc is presumed to give light <<piall\ in all direc- 
tions and to be ol such relatively small dimensions 




PART II 

PHYSICS OF LIGHT 



THE MEASUREMENT OF LIGHT 

PHOTOMETRY 



zontal candlepower because the most natural direction 
from which the e\e might observe I souuc was in a 
horizontal direction. I he average horizontal candle- 
power was determined b\ rotating the lamp to be 
measured about its vertical axis while- the readings 
were being taken, and the result was known as the 
mean or average horizontal candlepower of the source 

As lamps of greater output and devices for redirect- 
ing light into more useful directions were produced, 
the horizontal candlepower measurement had decreas- 
ing value as a means ol rating light output, and the 
term, mean spherical tandlepower, came into use. The 
mean Spherical tantUrjpnwn is an average of all the 
candlepower* in all directions about a source. For 
example, a source giving Ml candlcpowci in ever) 
direction would have a mean spherical randlepowei 
of 10, or if a source gave ofi light in \ar\ing amounts 
in all directions such that their average were 10, its 
mean spherical <andlepouer would be 10. The term 
"candlepower" as applied to automotive and oth< i 
miniature lamps a< tuallv indicate s mean spherical 
candlepower and is abbreviated lor convenience 
to cp. 
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F19. 4. Diagrammatic concepts of candlepower. 



that it is termed a "point source/' The surface area 
of a sphere is An x r 2 and since in the unit sphere, r 
equals one loot, the area is 12.37 opiate led. The 
luminous flux radiated from the one candlepower 
source to each squire loot ol the inside surface of the 
sphere is called a lumen, the Latin word for 'Might." 
Under these conditions, one candle or a one-candle- 
power source, therefore, is equivalent to 12.57 lumens. 

In the earls days of the lit^hiing industry, the illu- 
minating powei ol light souiics was expressed ID 



Illumination 

Illumination on a surface or plane of work is 
measured in terms of the number of lumens per square- 
foot of area. A "lumen per square foot" is called a 
footcandlr, abbreviated "fc." 

Since the unit sphere of Fig. 4 has just one lumen 
per square fool on its surface, the illumination is one 
foouandlc and one can sa\ that a surface one foot 
from a one-candh power source i* lighted to one foot- 
candle. 




Fig. 5. The illumination at 2 ft. is M of that at one loot The 
illumination at 3 ft. is 1 9 as much. This effect is called the inverse 
square law 



The Inverse Square Law 

A sphere with a radius of two fect has an area of 
4tt x 2 2 or about 50 s<pj;ue ltd, which is lour times as 
large as a sphere having a radius oi one foot. Simi- 
larly, a Sphere with a radius of three feel has an area 
of 4tt x P or 112.5 Square feci, which is nine limes as 
large as ihe unit sphere. In Other words, as the radius 
or distance from the cente r of the sphere is increased, 
the area lighted is increased in proportion to ihe 
squares of the distances. For a given point source 
of light, this means that the level of illumination 
decreases as the square of the distance from the source 
(Fig. 5). This is known as the inverse square law and 
is presented by the formula: 

P where CI* = candlepowcr 

rC — IV D = distance 

One wav to demonstrate this plnsical law is to 
measure the illumination horn a hlament lamp at 
distances of two. three, and four feel. The distances 
should he measured from ihe center of the source. 

The inverse square law is used to calculate the 
amount of illumination Irom an individual light 
source on planes pe t pendie ular to the beam. StriciK 
Speaking, it applies Oil!) to illumination on a small 
surface horn I point KJflKC. In practice, however, 
a point source is considered to he one whose dimen- 
sions are negligible compared with its distance lrom 
the surface. 

The law applies to distances 5 or more times the 
maximum lOUTCC dimension. For shorter distances, 
the illumination \ai ies appiovimatc 1\ imerseh as the 
distance. For example, il the source of Fig. 5 were 
a 48" fluorescent tube, the illumination at two feet 




F19. 6. The ratio of the base of a right-angle tr. angle to its hypot- 
enuse is the cosine of the angle ABC F01 60 degrees the ratio 
is 1 2 09 O S The average light on a surface tilted at this angle 11 1 2 
of that on the surface normal to the beam of light, the tilted surface 
is twice a> Urge. 



would he approximately >/ 2 l,ial al one ,ool; al l,ucc 
feet, il would be approximately i /3 . See also Table 

A, page 98. 

Cosine Law of Incident Light 

When a surface is not perpendicular to a beam of 
light, the illumination on it is less because the light is 
spread over an area of greater size. As shown in Fig. 6, 
the width of the tilted surface is the same as the width of 
the perpendicular surface but its length and area are 
increased, depending upon the angle of tilt. (The angle 
of tilt is ABC, 60 degrees. See Fig. 6.) 

The perpendicular area is square and is equal to AB x 
BD The tilted area is rectangular and is equal to BD 
x BC The dimension BC is twice as long as AB hence, 
the tilted area is twice as large and the average illumination 
on it is therefore half as much. 

The ratio of the two areas may be more simply 
expressed as AB. This ratio of the parts of the triangle 

BC 

is termed the cosine of the angle ABC. 

The meaning of the term cosine >s illustrated by the 

draftsman's 30°-60° triangle in Fig. 6. In this "64fldl" 
triangle the cosine of the angle is the ratio of AB to BC 
(3 ! 2 inches to 7 inches) or I 2 or 500. 

The relation known as Lambert's cosine law is that 
the illumination on a tilted plane is equal to the illumination 
on a normal (perpendicular) plane times the cosine of 
the angle of mc idence 

The expression may be written as follows: 
Fc = CP x cos a 

and it is quickly evident how the inverse square law is 
included. 

Table of Cosines 

Cosines of angles which are useful in photometric 
calculations are given below: 



Anqle in 
Dc?f ec> 


Coiinc 


An^le in 
Desrcet 


Covin* 





10 


45 


707 


5* 


996 


50° 


643 


10" 


985 


55' 


574 


15 


966 


60' 


500 


20* 


940 


65° 


423 


25 


.906 


70" 


.342 


30* 


866 


75 


259 


35* 


819 


80' 


174 


40' 


.766 


•$• 


087 






90 





Fig 7 Cosines of angle* 
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THE CANDLEPOWER DISTRIBUTION CURVE 



A candlepower distribution curve* is a graphic 
presentation of the distribution of light i meruit) of a 
lamp or luminaire. Such presentations contribute 
valuable information to guide the engineer in deter- 
mining the suitability <>I lighting equipments ior ap- 
plication in various fields. As a background Eor using 
distribution curves it is first necessary to see how they 
are obtained. 

The candlepower in anv direction from a filament 
lamp equals the looicandles produced on a plane at 
right angles to the light rays times the square of the 
distance in feet from the lamp to the point of meas- 




400 



Fig. 8. Distribution curve of 200-watt filament lamp For con- 
venience the curves of symmetrical-type units show only the 0° — 
180° half. Actually the distribution of light includes 360°. The 
two halves are symmetrical. 



* This woulJ be an erythemal distribution curve when it indicated 
in E-viton* per stcradian the ultraviolet energy which produce* 
suntan from sunlamps. Or it would be a germiciJjl distribution 
curie in terms ot microwatts per steraJian as supplied by germici- 
dal lamps. For inirared radiant energy from drying and heat 
lamps, ihc curve would be i radiani energy distribution curve in 
term* of watts per steradtan. 



ureznent (CP = Fc x D-). For accurate measure- 
ments the distance should be at least five times the 
largest dimension of the source. (To simplify calcu- 
lations 10 feet is often used in photometric labora- 
tories.) It in this way the average cp. around the axis 
of a filament lamp is determined for am angle from 
the vertical, say 25°, the average value becomes one 
point which can be plotted to a convenient scale on 
polar-COOrdinate paper. Taking several measurements 
around the axis at the 25° angle from the vertical 
usually shows them all to be about the same. How- 
ever, in laboratory photometry any slight differences 
that might be present because of filament Structure or 
other variations are compensated by rotating the lamp 
so that one reading represents an average value. 

To get sufficient data for a lamp or general lighting 
unit, 20 readings are usually taken at angles of 0°, 5°, 
15°. 25°, 35°, 45°, etc., up to 180° (Fig. 8). and the 
candlepowers computed and plotted on polar-coordi- 
nate paper. A line connecting a series of stub points 
forms the candlepower distribution curve. The value 
at 90° is the candlepower straight otit from I lie unit 
while that at 0° is directly below. For concentrated 
light sources such as searchlights and spotlights, read- 
ings arc often required one or two degrees apart, 
rather than at 10° intervals. 



COMPUTATION OF LUMENS 
FROM CANDLEPOWER VALUES 



Angle 


Candle- 
power 


Zone 


Zonal 
Constantt 


Zonal 
Lumens 





347 








5 


352 


0-10 


.10 


35 


15 


348 


10-20 


.28 


97 


25 


342 


20-30 


.46 


157 


35 


326 


30-40 


.63 


205 


45 


307 


40-50 


.77 


236 


55 


300 


50-60 


.90 


270 


65 


288 


60-70 


.99 


285 


75 


285 


70-80 


1.06 


302 


85 


259 


80-90 


1.09 


282 


90 


257 








95 


271 


90-100 


1.09 


295 


105 


278 


100-1 10 


1.06 


295 


115 


290 


110-120 


.99 


287 


125 


307 


120-130 


.90 


276 


135 


308 


1 30-1 40 


.77 


237 


145 


313 


140-1 50 


.63 


197 


1 55 


329 


1 50-1 60 


.46 


151 


165 


280 


160-1 70 


.28 


78 


175 


153 


170-180 


.10 


15 



Total Lumens 3700 



t Sec page 8. 

Fig 9. Tabulation of Candlepower and Lumens in the various 
rones in the curve of Fig. 8. 
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Light Output 

As previously defined, in the unit sphere one 
lumen of light falls on each square foot of the sphere's 
surface whether the area be square, round, irregular 
in shape, or a band around the sphere. 

The next step is to divide the sphere into bands 
or zones; usually eighteen 10-degree zones are chosen 
from 0° beneath the unit to 180° directlv above it. 
The number of lumens in each /one equals one candle- 
power times the area of the zone in square feet. Note 
that the 10° /ones near the horizontal are much larger 
in area than the /ones near the vertical axis. 

In Fig. 10 it is assumed that the sphere is covered 
with a material which can be peeled off in strips rep- 
resenting the individual zones. The area of the /ones 

can also be determined mathematically; the actual 
values are shown in I able I— Zonal Constants. It will 
be seen that then sum equals 12.56, which equals the 
number of square feet of surface in the unit sphere. 

Since with a onc-candlc power source in the unit 
sphere one lumen falls on each square foot, the lumens 
in each zone equal the area ol the /one in square foeL 
Thus there is 0.10 lumen in the C — 10° zone; it has 
an area of 0.10 sq. ft. In the 80°— 90° zone, a ring 
of relatively large ana. there are 1.09 lumens. II the 
onc-candk power source is icpla<<<l bv a source ol 10 
candle-power, the lume ns in each zone will equal the 
zonal constant times 10. 



TABLE 1 
ZONAL CONSTANTS 



Zone 


Zonal 
Comtanl 


Zone 


Zonal 
Constant 


0-10' 


.10 


170 e -180* 


.10 


10°-20° 


.28 


160 -170° 


.28 


20-30° 


.46 


150°-160° 


.46 


30°-40° 


.63 


140-150° 


.63 


40 c -50° 


.77 


130 -140° 


.77 


50°-60° 


.90 


120-130° 


.90 


60 c -70° 


.99 


110°-120° 


.99 


70°-80° 


1 06 


100-110° 


1.06 


80 -90 


1 09 


90 -100 


1 09 



In the same wav. the zonal constants can be ap- 
plied to candle power distribution curves with varying 

candlepower values. It is assumed that the candle- 
power in the center of the /one represents the average 
for that zone. Thus to get the lumens in the 0°— 10° 
/one, the candle power at 5° is multiplied by the zonal 
constant, 0.10. The lumens in the 80°— 90° zone 
equals ihc 85° candlcpowrr times 1.09, the constant 
for that zone. Or for example, as seen in Fig. 8, the 




Fig. 10. Sphere divided into lO-degree zones. 



200-watt filament lamp gives 342 candlepower at 25° 
from the axis. Multiplying this hy the zonal constant 
10, gives the value of 137 lumens lor the 20°— 30 c 

/one. 
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I h<* art a of a < audit power distribution curve i» 
not a criterion of a luminaire'* output. The two turves 
(Fig. 1 1) are for direct luminaire* having equal lumen 
output. 1 1 ma\ be seen that curve B provides more 
light directly undei ih< unit, hut in < ur\e A. the eth < i 
ol ihe large /ones near the horizontal is evident. An 
in xperienced person would assume that curve B rep- 
reientl QUA) more lumens because, on ihe graph, it 
encloses a ninth larger area. But sirue the high 
candlepower values are in those small /ones near tin 

vertical, the) account fbi reiahvei) lew lumens* rhc 

total lumen output is the sum ol tin lumens in each 
ZOne; it has no relation to the area enclosed In the 
curve. Another method lot measuring the total III- 
men OUIpUl of lamps and lunimain | i\ discussed 
under the subject, "Photometric Laboratory Measure- 
ments," pa^e I 2. 

Lamp and Luminaire Efficiencies 

I he basic lormula lot efhc ient v: ■ , u y ji t -x- 



input 

piessed for a lamp in terms ot its out pm in lumens (ol 
light) divided b\ the input in watts (ol elc< trie po\\< i 

m the quotientt lumeni pei wan. I he first term ma) 

be determined born a candlepowei disti ibmion cui\e 
or spherical photometer; input watts, firano voltt x 
ampen n 

I heefhciencN ol a luminaire is expressed b\ a simi- 
lar ratio: 

Lumens of Luminaire (output) 
Lumens of Lamp (input) 

In Fig. 12, the lumens ol the luminaire total L'fVI. 
Since the lamp lumens ecpial !i700, ihe clluiencx of 

2959 

the luminaire equals ^—^ or so pei cent. 

Lumen Output of Asymmetric Lumiruires 

To determine the output of iioii-sn mmetrit oi 
asymmetric huninaires, such as conventional lluoics 

Ceni units, candle-power readings must Ik- taken in 
a mimbei ol planes and theii weighted aveia^e oh 
lamed lot each /one Ihe /one < audit |x>sv< i BUltl 
plied b\ the zonal constani *hc zonal lumens 

I In sum oi the zonal lumens eijuals the lumen output 
of the luminaire. 

For a Buorasoeni lighting unit, candlepowes read 

inj-N are usualls taken in hw plane s, at 0% 221/^°, 45°, 

anc ' ' nini a ptow through the himinain 

a\is. ( andlc j>owci values art nw.iMUtd in each [Wane 

at 10* inte rvals (5°, 15°, 2"> . t tc ». Assuming the live 

planes arc at the angles 0°, Tl\ t \ 45° 9 67y£°, iH) 
and that the c audle |miu e t readings at such intervals 
aie designate d as A. II. ( . I), and K. then tin U 
weighted average is obtained b\ the formula: 

A + 211 f BC 4- 2D + E 

Cp = g ^— 



i k5 

t«Lcf vWje zoacs 




1600 



TK« $ru q* 9 Astribu^on curve »f not 

Cgrvti ire for ur»M |fc| urr\t 

tof^J lgm«ns 




B 



Fig 11. These two curves for 
direct units represent equel lumen 
output Curve B provides more 
lisM directly under the unit, but 
m curve A the eHect of the lerge 
tonesnetrthe honzonul i»e*ident. 
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Fig. 19. Candlepower distribution curve ol white )Uss enclosing 
globe with « 200 wjtt 37CO lumen Ump 
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lii some laboratories lor similar bests, candlepower 

readings are taken in three planes only (0°, 45°, and 
90°), as in Fig. 15. The candlepower values in A 
(crosswise) and 11 (lengthwise) phis twice the values 
in C (45°) are added. The sum divided by 4 equals 
the average candlepower. 

Similarly, non-symmetric or asymmetric luininaires 
ioi dlameni lamps have such wide variations in can- 
dlepower ai a given angle about the vertical thai an 
average reading from which to compute zonal lumens 
cannot be obtained b\ rotating the unit. Candle- 
power distribution curves for such equipment are 
pre pared lroin data obtained in specific planes and in 
interpreting such curves one must be can lid to ob- 
serve the planes they represent. 



Fig 1 4. Candlepower distribution curves of non-symmetrical 
sources such as show window reflectors vary widely and their inter- 
pretation depends upon the specific planes in which they are taken 



300 




Fig. 15. The average candlepower multiplied by the lone constant 
gives the ione lumens. Candlepower values at a given angle in 
curves A & B are added to twice the value in curve C at the same 
angle. This sum is divided by 4 to get the weighted average 
candlepower 
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BRIGHTNESS 



Although in light measurements one seems to deal 

principal!) with intangible things and quantities! the 
characteristic <>| light thai has undeniable reality is 
Lhe factor <>l brightness. In fact, our ability t<> see is 
largeh the result of our appraisal oi Mich brightness 
or brightness differences between objects in the held 
ol \iew. For example, the visual task ol reading this 
page is possible because the paper relied* light toward 
the eyes and its brightness is greater than that ol the 
ink. 

Brightness is produced in three ways: first, by a 
sell-luminous object, such as the sun, a star, or a lamp 
bulb, from which source the generated light energy 
comes directly to the eyes; second, b\ light energ} 
transmitted through objects, such as clouds over the 
sun or a translucent luminaire such as a white glass 
globe. The third source ol brightness is In reflection, 
such as the moon and the sk\ which receive ligln Irom 
the sun. the surface of a reflector in a luminaire, and 
most ol the surfaces and objects we see in everyday 
a< ii\ ities. 

Brightness Units — the Footlambert 

The unit of brightness commonly applied to so- 
called "perfectly diffusing" surfaces of comparatively 
low brightnesses is defined in terms of the lumens 
emitted per square foot. This unit is called the loot- 
lam bert (fL)- The brightness in fool lam her is of 
a wall in a room is related to the footcandles ol illu- 
mination upon it. For example, il the wall is uni- 
formly lighted to 20 footcandles (lumens sq. ft.) and 

reflects hall <>| them, its brightness is 10 lumens per 
square foot or 10 Eootlamberts. 

A brightness ol one Eootlambert may be visualized 
b\ assuming the unit sphere of Fig, \ to be perfectly 
transmitting and hence its outer surface would be 
lighted to a brightness of one lumen per square Eoot 
or one footlambert. 

It should be noted that from the definition of 
brightness the profiled area ol a surface or object 
is considered, not its actual area. A luminous sphere, 
lor example, has an apparent or projected area equal 
to that of a disk of the same diameter. The unit 
sphere of Fig. 4 wilh a diameter of 2 feet, or a radius 
of I loot, has a projected area of ?r r- or 3.1 1 sq. ft. 
oi \yi square indies. Since the source is 1 candle- 
power, its brightness is I 8.14 (andles per sq. It. or 
1/452 c/ifi*. By definition, its brightness is also one 
lumen per square loot or one footlambert, hence one 

Eootlambert equals 1 152 c in 2 , or conversely, 1 candle 

per scj. in. equals 452 footlamberts. 

Brightness is sometimes easier to picture as the 
"concentration ol candle-power.'' The brightness unit 
lor sources ol high brightness is t he candle per square 
inch (c in 2 ). The brightness unit communis applied 
to sources of low brightness is the fnollambrrl (IL). 
We are more ohen interested in such sources and if 
the luminaire is spherical and the lamp candlepower 
is known, the lot inula is very simple; 



Bl ightness — 



Candlepower x Efficiency 

Globe Radius- 
The brightness is in footlamberts when the Globe 
Radius is in leet. 

Thus a spherical globe with a I ft. radius 1 24-inch 

diam.) uniformly bright and so per cem elh< iem, 

containing a 1000-cp lamp has a brightness ol: 

n . . 1000 \ .80 
Brightness = or 800 EL. 

To express this in candles per square inch, divide by 
452. I bis globe has a brightness ol 800 152 or 1.8 
c/in- 



TABLE 2. BRIGHTNESS OF LIGHT SOURCES 





Candle Flame Kerosene Lamp 

1,500 footlamberts 2,500 footlamberts 



Sun 

1,000,000 c/j n a 
450,000,000 footlamberts 





Filament Lamps 
(Inside frosted — brightest spot) 

40-watt 15,000 fL 

60-watt 16,000 fL 

100-waU 50,000 fL 

200-watt 65,000 fL 

500-watt 95,000 fL 

500-watt clear bulb lamp 
(filament) 3,390,000 fL 




Gas Mantle 

10,000 footlamberts 




1000-watt Capillary Lamp 
(mercury arc) 

200,000 c/m - (90,000,000 fO 



Moon 

1,500 footlamberts 



Sirius (star) 
9,500,000 c /in 3 
4,275,000,000 fL 



North Sky 
1 .000 fL 




Zenith Sky 
300 fL f 




HE ' 



FLUORESCENT LAMPS 




Snow in Sun light 
9,000 fL 



30-waii T-8 Std Cool White 2900 fL 



40-watt T-12 Std. Cool White 1900 fL 



40-watt T-17 Sid Cool Wh.ie 1100 fL 
00-wall T-17 Sid. Cool White 2250 fL 



32-wdit 
T4Q I2"d,a. 
Sid. Cool White 

2050 fL 




25-wott 42" T-6 Std Cool White 200 ma. 2050 fL 



74-watt 96" MS Std. Cool White 425 ma. 1850 IL 
105-watt 96" T-12 Delune Cool Wh.le 800 ma. 2650 fL 

Fluorciccnt lamp valuci in November 1955 
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PART III— PHOTOMETRIC LABORATORY MEASUREMENTS 



Prior to the invention of the photronic or light- 
sensitive cell, most instruments for the measurement 
of candlepower and brightness employed the principle 
of visually balancing two adjacent fields. These were 
viewed simultaneously in mirrors at angles, as in the 
photometer of Fig. 16. 

More modern instruments contain a Lummer- 
Brodhun cube, in which two prisms received light 
from the sources to be compared. The beams are re- 
fracted 1^ two prisms to pans of a pattern. 

Laboratory photometers of the type employing this 
device, were used for obtaining candlepower distribu- 
tion curves of lighting equipment. The luminaire to 
be measured was mounted on a shaft and revolved by 
a motor mechanism. The light from a comparison 
lamp passed through baflles, the illumination on the 
comparison screen varied by moving the comparison 
lamp. The operator balanced the comparison source 
against the light Irom the luminaires. From the read- 
ings obtained at 10° intervals, the average zonal candle- 
powers were obtained and the efficiency of the lumi- 
naire calculated. 

This general type of photometer has been super- 
seded by direct-reading types of instruments. Since no 
visual balance needs to be obtained, the time required 
to take the necessary readings for a candlepower dis- 
tribution curve is greatly reduced. 

As mentioned previously, a minimum distance of 
five times the maximum dimension of a luminaire 
or light source is commonly used in laboratory test- 
ing. At this distance, the error is approximately 
\/ 2 per cent, as shown in the curve of Fig. 21. The 
testing of large fluorescent luminaires introduces new 
space problems. The length of a luminaire using 
96-inch lamps, for example, requires a distance from 
<rll to the unit of 40 feet or more. Such a space 
requirement is not easily met in most laboratories. 
One method of overcoming this obstacle is to cover 
half of the luminaire with screens, reading one half 
and then the other, then adding the values. This 
method is convenient and reasonably accurate. 

Mirror Photometer 

Another method of space conservation is shown in 
i he direct-reading photometer of Fig. 17. The con- 
yentional horizontal dimension of 10 feet has been 
reduced b\ using two mirrors. Light lrom the test 
luminaire is directed to one* mirror and i hence to the 
other and to the cell. The light path from luminaire 
to cell is 10 feet. The galvanometer is connected to 
the cell and reads directly in candlepower by the ap- 
plication of constants determined by first reading 
secondary standard lamps whose candlepower values 
.in known. 




Fig. 16. The Bunsen photometer contains a movable screen, its 
center spot is translucent. K the light from Lamp X on the spot is 
greater than that from Y, the spot appears dark as in A If the 
reverse is true, the spot appears brighter than its surroundings as in 
B. At C, a balance point is reached and the spots disappear. The 
two sides of the screen are viewed simultaneously in the mirrors 
placed at angles 



Fig. 17. The mirror photometer conserves space by reducing 
the luminaire-to-cell distance by reflection. 
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Fig. 18A With this semi-automatic recording photometer, a 
curve in one plane can be taken on a luminaire in about one minute. 



Fig. 19. This bamer-layer-cell photometer employs an integrating 
sphere. The cell box contains the photocell and suitable filters. 





Fig. 1 8B Closeup of recording instrument of semi-automatic 
photometer The inUed lines are traces of the candlepower values 
of the luminaire as the cell is moved in an arc about it. 



Fig. 20 The 120-inch sphere photometer is one of the 
largest in existence It is principally used for measuring the light 
output ol long fluorescent lamps. 
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Fig. 21 . Effect o( photo cell distance on candlepower measurements 



A modern semi-automatic recording photometer 
is shown in Fig. ISA. Its principal parts are the record- 
ing instrument (shown in Fig. I8B), the 20 ft. cell- 
arm (foreground), and a circular-track support mech- 
anism with two electric hoists (on ceiling). Once the 
luminaire has been put in place, a test in one plane 
can be run in ahoui one minute. 

By covering the light-sensitive cell with suitable 
Idlers, readings [or plotting distribution curves for 
other radiant energy sources such as sunlamps and 
germicidal tubes* may be obtained. Their interpre- 
tation is, of course, predicated on the needs in each 
field of application. 



Photocell Integrating Sphere Photometer 

A modem laboratory photometer for measuring 
light output is the harrier-laser cell photometer shown 
in Fig. 19. The instrument employs an integrating 
sphere which is made in two halves so supported and 
hinged that one side mav be swung open easily by the 
Operator. The socket lor the test lamp is placed so 

that the light-center of the source coincides with the 

center of the sphere. The interior wall and internal 
parts arc painted With several coats of fiat white paint 
and then with two or three coats of special white 
sphere paint which gives them an extremely mat 
finish* Spheres van in si/e from one inch to 30 inches 
in diameter— for miniature and low-wattage large 
lamps— up to 120 inches for high-wattage and long 
source s such as fluorescent lamps i Fig. 20). 



A circular aperture (approximately three inches in 
diameter for large spheres) located in the wall of the 
sphere contains a white glass disk. The light on this 
window is equal to that received by any other similar 
portion of the sphere interior due to cross-rellections 
in the sphere and therefore the light on the window is 
proportional to the total light generated by the test 
source. A metal baffle is interposed between the win- 
dow and the lamp under test so that the light from the 
test lamp does not fall directly on it. 

The photocell which is equipped with suitable 
filters to produce a spectral sensitivity comparable to 
that of the eye, is contained in the cell box, adja- 
cent to the window, and is connected to a circuit con- 
taining a sensitive galvanometer. Batteries in an 

external circuit are connected with potentiometers 
and oppose the cell current; by balancing the two, the 
galvanometer is brought to zero and the values read. 

In operation, the switches are closed and a lamp 
lighted in the sphere for about 15 minutes when start- 
ing up cold, to overcome any slight cell fatigue which 
mav be encountered. The photometer is checked 
periodically by placing a standard lamp in the sphere, 
apphing the piopcr volta»e to it, and balancing the 
galvanometer to the zero position. The lamps to be 
read arc then successively placed in the sphere and 
measured. By proper calibration of the scale for the 
meter, the mean spherical candlepower or lumens can 
be read directly. 

The design of small spheres 36 inches in diameter 
or less is similar to the larger models. In the 36-inch 
sphere, values as low as three candlepower or 38 
lumens can be measured satisfactorily. The choice of 
the sphere size is largely a matter ol convenience. 

Correction Filters 

The relative effu ienC] of the eve in responding to 
light of diflerent colors is commonly shown as a func- 
tion of wavelength of the color of the light. Slight 
variations exist in this response even between persons 
ol normal vision and visual photometry is therefore 
critical and relatively less dependable. Conventional 
photocells are similarly deficient; thev do not coincide 
with the eye characteristic. Cells of the selenium type 
are in general more sensitive to the blue and red 
regions than is the eye, as indicated in Fig. 22. One 
method of correcting the error is to calibrate the scale 
of the meter under a standard light source of known 
color temperature and then to determine the com e 
linn ladois to be applied when the meter is used to 
measure il hi m inauts ol other spectral character. The 
general 1> accepted light source is a tungsten filament 



Fig. 23. Lett — G-E light meter. Right — The top lamination of the 
cell of this c/c lightmeter employs a green filter for color correction 
and a plastic lens for angular correction. Its color response almost 
exactly matches the eye curve of Fig. 22. The special plastic lens 
refracts light from grazing angles into the cell, which increases the 
accuracy of this type of instrument (cosine correction). See discussion, 
pages 19 and 20. 



lamp operating at 2700° K (color temperature). The 
correction factors for other illuminants such as mer- 
cury, neon, and other sources are determined by com- 
paring ihe spectral curve of a given cell with the 
known curve <>i the illuminant. This involves con- 
siderable mathematical calculation but once the fac- 
tors are obtained, they are sufficiently accurate lor 
many purposes (see Table 3, page 20). 

Since the relative sensitivity curve of most light- 
sensitive cells lies above the eve curve at all wave- 
lengths, colored glass filters suggest themselves as a 
means of making the cell coincide with the eye curve. 




4000 4500 500 5 5 6 000 650 700 7500 

WAVELENGTH — ANGSTROMS 

Fig. 22. Cells of the selenium type are in general more sensitive to 
the blue and red regions than is the eye. They are used in the light 
meters of Fig, 23. 



The use of filters is a most satisfactory solution for 
correcting cells. The sensit i\ it\ curves of the eye and 
a corrected cell are shown in Fig. 22. However, the 
cell output is relatively low, that is, only a few micro- 
amperes are available from each cell and the usual 
colored glasses employed absorb light radiation to a 
relatively high degree. There are three principal 
ways to compensate for this. One is to use a more 
sensitive microammeter, another is to build up the 
current by using several cells connected in parallel. 
A third method is to utilize a plastic filter of high 
transmit tance with a surface pattern to reflect more 
light into the cell. This method is used in the c/c 
lightmeter of Fig. 23. 




Angle of Incidence and Other Factors 

Cells oi conventional pocket-type lighi meters (Fig. 
23), are covered with clear glass plates for mechani- 
cal protection. Light which strikes the plate at oblique 
angles does not contribute its proper share in deflect- 
ing the needle of the microammeter. This characteris- 
tic is corrected in the c c lightmeter In replacing 
t he cover glass with a plastic lens plate. (Fig. 23, 
right.) This plate has etched sides and a special grid 
pattern on its under surface. The combination cor- 
rects for the non-symmetry of the rectangular cell. 

Accuracy in photometric measurement depends 
upon numerous factors not ordinarily evident in a 
casual visit to a laboratory. One of these is the pro- 
vision of an alternating current supply of constant 
voltage which is characterized also In its constant 
frequency. This is particularly important in the 
testing of gaseous conductor lamps. 

The testing of fluorescent light sources introduces 
other factors of importance. In such testing, it is 

necessary to operate the lamps at least 20 minutes 
before taking readings; it is usual practice in labora- 
tory procedure to employ an initial warming-tip period 
of 30 to 60 minutes so that lamps and auxiliary equip- 
ment arc brought up to a stabilized condition. In 
additionj it is common to operate new fluorescent 
lamps 100 hours, before using them lor test purposes 
because their light output is reduced rather rapidly 
during the earh hours of this initial period. More- 
over, for this same reason, it is general practice to 
list the initial light output of fluorescent lamps at 
the lumens generated at the end of 100 hours of opera* 
tion. Similarly, tungsten filament lamps have a small 
original "hump" in output and new lamps are com- 
monly burned for about 10 hours before being used 
lor working standards or test. 
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Brightness Measurements 

One method formerls utilized 10 measure the 
brightness of luminaires consisted of covering the lu- 
minaire with a black opaque screen with a one-inch 
square opening, placed at the point on the surface to 
be measured. The candlepower of the light at this 
ansle was then measured bv conventional methods 

mm 

and since the light flux came from one square inch, 
the brightness was in terms of candles per square 
inch (Fig. 25). 

Another method is to use the General Electric 
brightness meter as discussed on page 23. A special 
instrument used soleh for measuring the brightness 
of fluorescent lamps consists of a housing placed over 
the pan of the lamp to be measured, several light-sen- 
sitive cells, and a rheostat. The meter reads brightness 
directly in footlambens. 



Measuring Reflectance and Transmittance 

Accurate readings of reflectance and transitu uance 
may be made with the General Electric reflectometer 
called a light-sensitive cell reflectometer. The meter 
employs an integrating sphere, finished on the inside 
with a white mat surface. On the side of the sphere, 
slightlv above the center line, is a tube containing a 
lens system and a projection lamp. By means of this 
projector assembly, a beam of light is directed to an 
area about two inches in diameter on the opposite 




Fig. 24. By inserting a simple of glass between the sphere of th« 
light-sensitive cell reflectometer and the light-$ource (lower) sphere, 
trammittance can be determined The instrument is used by paint, 
plastics, glass, fomrtum, and lumnjire manufacturers 



Fig 25 Measuring the brightness of an enclosing globe. The 

opening in the opaque screen is cne souare inch. 

wall of the sphere. Two light-sensitive cells are lo- 
cated in the sphere wall on either side of the beam and 
normal to the beam axis. The cells are connected in 
parallel to a microammeter located on the top of the 
sphere. Brightness of the sphere is indicated by the 
pointer on the scale of ihe meter. In the bottom ol 
the sphere is a three-inch aperture which is covered 
b\ anv flat surface to be measured. 

w 

Bs means of the rheostat in series with the projec- 
tion lamp, the brightness ol the sphere is adjusted to 
give full-scale reading on the meter when the light 
l>eain is on the side of the sphere and the test surface 
covers the aperture. The scale is in 100 divisions, and 
the full-scale reading is referred to as KM) jxrr cent. 
After this adjustment, the projector arm is rotated 
ISO 5 which places the light beam on the test surface. 
The sphere is now illuminated bv the light reflected 
from the surface and the pointer indicates the per 
cent reflection factor directlv. 

In measuring transmission factors with the light- 
sensitive cell reflectometer. the light beam is replaced 
by an external light source consisting of another 
sphere with a white mat finish and a lamp located at 
its center. The second sphere has a one-inch opening 
at the top which in assembly is centered in the aper- 
ture of the reflectometer sphere, as shown in Fig- 24. 

A full-scale setting is made on the microammeter 
as before with the lamp in the lower sphere turned 
on but without the test sample in position. The 
sample is then inserted between the two spheres and 
the light transmitted through it illuminates the 
upper sphere. A baffle in from of the lamp prevent* 
direct ra\s from striking the sample. The resulting 
reading equals the diffuse transmittance in per cent. 
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Fig. 26. The spectrophotometer 
makes measurements of special 
intensities in bands of 1 10,000 
of the visible spectrum length, 
establishing color standards with 
extreme exactness. It contains a 
quartz monochromator. The in- 
strument is shown measuring a 
fluorescent lamp to be used as a 
standard in a lamp factory. 




MEASUREMENTS OF SPECTRAL ENERGY 



W hen a wavelength analysis of the visible energy 
from a source oi light is obtained by means of a spec- 
trophotometer and plotted as shown in Fig. 28. the 
curve is tailed a spectral distribution curve. A similar 
curve ot the light reflected by an object is called a 
Spectral reflectance CUtue and ol a transmitting mate- 
rial, a spectral transmittancc cuwe. Use ol the Gen- 
eral Electric recording spectrophotometer makes it 
possible to obtain such data \ei \ quickly. Instru- 
ments of tli kind are used b\ paint and dye manu- 
facturers in making accurate spectral analyses of test 
samples ami products. The inaccuracies ol visual 
analysis are eliminated. As shown in Fig. 27 the spec 
trophotometer measures the energy in a series oi bands 
b\ means ol the scanning slit illustrated. A curve may 
be plotted horn the data in the same way that a can- 
dle power distribution curve is plotted lrom indivi- 
dual points measured at the center ol ^ones. 

Energy ol wavelengths shorter than about 1000 
Angstroms (violet) and ol wavelengths longer than 
about 7000 Angstroms (dark red) is not visible. Spec- 
tral curves for visible energ) aie usual!) plotted lrom 
1000 to 7000 Angstroms from left to right, in Fig. 28 
spectral distribution curves are shown ol lour light 
sources evaluated to equal Eootcandlc*. In Fig. 29, 
germicidal and drying lamp " relative energy" curves 
and the sun s radiation reaching the earth are shown. 

When the visible spectrum ol a white fluorescent 
lamp is scanned with the spectrophotometer, an oc- 
casional band is ( onsiderablv brightei than adjacent 
ones. The reason is evident lrom the fact dial the 
light emitted by a iluoresceiu lamp consists ot a con- 



Fig 27 The spectrophotometer measures the energy in a series 
of bands by means of a scanning slit as illustrated. 
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Fig. 28 Spectral energy distribution for four light sources, a 
at equal footcandles or lumens. 
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Fig, 29. Relative energy of germicidal and drying lamps and 
the sun s radiation. 
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Fig. 30. Energy distribution of four white fluorescent lamps com- 
bining four rectangles with continuous curves. See also Fig. 31. 



tinuous spectrum radiated by the fluorescent coating 
and a "line" spectrum produced by the mercury arc; 
the radiation from the arc represents the brighter 
bands and is almost entirely confined to four lines. 
If the arc energy is shown in a scries of four rectangles, 
the combination of these with the continuous curve 
indicates somewhat more vividh ihe energy distribu- 
tion of the lamp (Fig. $0y 

Another method is to divide the spectrum into nine 
spectral bands and plot the values of relative energy 
in each; the area of each block is proportional to the 
total light of that color band. Comparison by this 
method of a 6500° K daylight fluorescent lamp and 
average June daylight is shown in Fig. 31. 

Measurement of Ultraviolet Reflectance 

The reflection characteristics of materials for 
energy in the erythema] and germicidal bands are 
similarly determined in the photometric laboratory. 
Such information is not only obtained for metals used 
for reflectors but also for paints for wall and ceiling 
finishes. The latter are of special importance in hos- 
pital ward rooms, treatment rooms, and in public 
rooms in which ultraviolet radiation may be of a 
harmful magnitude or direction through lack of con- 
trol of these secondary surfaces. 
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Fig. 31. Nine spectral bands indicate by their relative area the 
total relative enery in each color. 
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Fig. 33. Using the light meter in an industrial plant to measure illu- 
mination on a drill press. 



\ scieiHifi< approai h t«> the appraisal of a lighting 
svMim requires skill in Lhe selection and use ol poi ta- 
ble instiu incuts. Readings taken with such instru- 
ments become the fundamental basis for a cleai 
understanding ol lighting effects and provide tangible 
data Eof guidance in anal wing lighting practic es. 

The Light Meter 

The introduction of the light-sensitive cell in 1932 

made possible the design ol small, direct-reading in- 
struments for field measurements ol illumination and 

brightness. A typical example is the (<• ni ral Electric 

light meter, a poc ket-si/ed photometer, weighing onl\ 
seven ounces. It is approximately two inches square 
and one inch thick. As maj be seen From the "ex- 
ploded" view. Fig. ;tl, it contains a liglu-scnsiti\c cell, 
which is a steel plate with a selenium coaling, sensi- 
tive to light. 1 he cell converts light cncrg\ into elec- 
trical energA. The copper trout contact, rectangular 
in shape, is attached to the negative side ol the micro 
ammeter. Current in milliampcres is generated when 
light strikes the cell, and is registered b\ the pointer. 
The pointer returns to the zero position when the 
celj is covered or when no light strikes it, being coun- 
ter-balanced b\ the coiled spring as indicated, rhc 
s< ale is ( alibrated in loot candles, the light striking 
the cell being integrated over its surface. 

The integrating or averaging power ol the meter 
is easih demonstrated il one points a flashlight with 
.i lens-end lamp at the cell, at a distance ol approxi- 
mately one-half inch (Fig. 35). Obviously only a part 
of the cell receives lhe light. The reading ie presents 
a "weighted" average ol the illumination produced. 
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PART IV 



FIELD MEASUREMENTS 
OF ILLUMINATION AND BRIGHTNESS 

This integrating characteristic of the cell allows 
the use ol "multipliers" to increase the range ol the 
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Fig. 34. Exploded view of light meter. 




Fig. 35 The cell integrates the light energy which strikes it. The G-E 
exposure meter used in photography is an adaptation of this meter. 
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Fig. 36. The light meter and multipliers. For many years G*E light 
meters, introduced in 1934, had the 0-75 scale. Meters now have 
a 0-100 scale. 

instrument. As shown in Fig. 3<>. multipliers of "10" 
and "loo" arc useful atiac h meats. When placed «ni 

the cell, the readings ate* multiplied bj 10 or 100, 
depending upon which is used. Thus the scale in die 
meter normalh reading Erom <> to 75 iootcaiulles be- 
comes to 750 with the "times 10" multiplier, and 
to 7500 with the "limes 100** multiplier. Meters of 
this t\pe with a 100 ft-c scale reading have a maxi- 
mum range of to 10,000 footcandlcs. 

Light meters are calibrated under a color tempera- 
ture* of 2700 K; this value was choten because it is 
(airly repres e ntative ol clcnik lighting in general, 

considering the effect ol walls, etc., and the reading 
ol the instrument applies direct 1\ lor a fair range of 
( olor temperature. For light from common illu- 
minants the readings are multiplied by a factor, as 
indicated in the following table: 

TABLE 3 — APPROXIMATE MULTIPLYING FACTORS 
FOR G-E LIGHT METER SCALE READINGS 

c Correction 
Wc « Factor_ 

Filament lamps (9700 — 3400 K ) 1.0 

High-intensity Mercury (Type E-Ht) 1.0 

Sun at Noon — 4800 K 08 

Average daylight — 6500 K 7 

Fluorescent Standard Warm White 11 

Fluorescent De Luxe Warm White 1.0 

Fluorescent Soft White 9 

Fluorescent White None 

Fluorescent Standard Cool White 1.0 

Fluorescent De Luxe Cool White 9 

Fluorescent Daylight 9 

Fluorescent Red 7 

Fluorescent Pink 1.3 

Fluorescent Gold 1.3 

Fluorescent Blue 0.S 

Fluorescent Green 1.5 



Illumination measurements in interiors are com- 
monh made on horizontal planes at the height ol 
desks, benches, and other work areas where t lie sur- 
faces viewed arc flat or ncarlv so. Measurements on 
vertical planes are more important in stores where 
package goods are in wall displays, hook stacks in 
lib] ai ifiSj and similar examples. Other angles art 
equally important in the analysis of illumination such 
as when hooks or papers are held at an angle of ap- 
proximately 45°, such as in railway coaches. The 
i I lit initiation ol oblique planes is also studied in 
numerous industrial processes, particularly in machine 
tools and in the inspection of finished materials. 

Measuring Brightness with the Light Meter 

As seen in Fig. 25, the light flux sinking the cell ol 

the meter comes from a wide* angle but since the cell 
is covered by a glass plate, light at very wide angles 
reflects from the cover-glass and does not enter it. To 
measure the brightness of a diffusely reflecting sur- 




Fig. 37. Measuring the brightness of a fluorescent lamp. 

face, the cell of the meter is placed close to the 
surface and then drawn back two to four inches until 
a constant reading is obtained. The reading at this 
point is multiplied bv 1 .23 to correct for w ide-angle 
losses. If the surface such as a painted wall is dull 

9 Sc< definition, pjgc 41. 
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finish or mat in character, ii reflects light approxi- 
mately equally in all directions, and a brightness read- 
ing in one direction is a true average brightness, To 
measure translucent surfaces sue h as the enclosing 
globe of Fig. 37, the cell is plated close to or touching 
the glass. A reading of 75 would indicate 94 Eoot- 
lamberts. 

The Measurement of Reflectance 

The approximate reflectance of mat materials can 
be measured with the light meter. It should be em- 




Fig. 38. Measuring reflection factor of a walk By reading the bright- 
ness of a square of blotting paper, then removing it and reading the 
wall brightness, the reflectance of the wall may be determined by 
direct proportion. 

phasized thai reflection factors of materials depend 

upon the color of the light used. For example! a bull 

paint may have a reflectance of 55 per cent with fila- 
ment lamps as the source, and 51 per cent with cool 
white fluorescent lighting. A surface painted a light 
blue, however, may have a reflectance of 55 per cent 
when lighted by filament lamps, and 57 pei cent when 
illuminated by cool white fluorescent lamps. Li«j;ht 
'A ' 1 en paints have approximately equal reflectance for 
both colors of light, as do white, "off-white," alum- 
inum paint, and the other shades of gray. 

There are two methods of measuring reflectance 
with the light meter, the first being somewhat more 




Fig. 39, Estimating wall reflection factor from paint samples. Such 
colored samples of wall coatings with known reflectances can be 
matched quite accurately to an "unknown" surface. The samples can 
be used for ceilings only if placed against them or in a position 
to receive the same illumination. 

accurate. The first method makes use of a diffusing 
surface ol which the reflectance is known. For this 
purpose, a piece of white blotting paper may be con- 
veniently employed; the reflection lactor of a typical 
sample* is about 75 per cent. About one square loot 
of the blotter is required, and this is placed against 
the surface such as the wall as shown in Fig. 38. A 
reading is taken with the meter held about three inches 
from it, with the cell pointed toward the paper. The 
blotter is then removed and another reading taken ol 
the w r all, with the meter held in the same position. 
The reflectance of the wall is equal to the wall read- 
ing divided by the blotter reading, and multiplied \>\ 
the known reflectance ol the blotter (75%). Thus if 
the wall reading were 5 footcandles, the blotter read- 
ing, 10 footcandles, the reflection lactor of the wall 
would be 5/10 x 75 per cent or 37.5 per cent. 

In the absence of a surface of known reflectance, 
another method gives very satisfactory results if cer- 
tain precautions are taken. The light meter is first 
held against the wall and then drawn away from it. 

♦India \i'c*vc — 70%; Arrow — 73%; Albemarle Vcngood— 80%; 
Cavalier — 77%; Halftone — 78%. 
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(with the cell parallel to— pointed toward it) until 
ihc i eading is constant, and the reading observed 
Ordinarih the distance will he two to lour inches 
Then lire meter is placed against the wall with llu 
cell outward, and a second reading obtained. The 
ratio oi the first reading to the second is the reflectance 
Of the wall. Thus if the first reading is 6 and the 
second 12, the reflectance is 6/12 or 50 per cent. 




Fig. 40. Measuring transmission factor of glass By placing the 
sample of material on the cell for one reading, then removing it for 
a second reading the ratio of ihe two readings is the approximate 
transmittance 

in using these methods, it should he remembered 
thai the) are applicable principally to surfaces of dob- 

spectllai Of mai character. Care must also be taken 

thai the sample is illuminated with hurl) diffuse light 
and ih.it conditions affecting the illumination for both 
measurements are oonttanL Thus when changing 

from one reading posit ion to the second, it is nctev 
sai\ L0 make sine that the position ol the person mak- 
ing the measurements dots not change, nor that ol 
other occupants ol the room who max cast a shadow 
on the siiilact, or intercept light which would affect 
the reading. Faith accurate readings ol the diffuse 
reflection lac tor ol a slighth glosi) surface may be 
obtained if care is taken not to place the meter so 
that it intercepts the directh leffected beam. 

A close appraisal of the refiection (actors of walls 
mav Ik- obtained h\ comparing them with a table of 
samples, as shown in Fig. 39. The samples an held 
against the surlace to be read, the surface being visu- 
alh compared with the samples of the same or similar 
color. Bv interj>olaiing between a sample just darker 



than the wall and one just lighter, the approximate 
value can he found. Thus if a bufl-colored wall ap- 
peared to he between the two samples rated 55 per 
cent and 63 per cent, its reflection factor would be 

approximately 59 per cent. 

Measuring Transmission Factors 

Measurements of the approximate transmission 
factors of samples of glass or plastics may be made with 
the light meter by placing the sample to he measured 
over the cell for one reading, then removing the sample 
and taking a second reading (Fig. 10). The transmis- 
sion factor is the ratio of the first reading to the sec- 
ond, in tests of this nature, it should In remembered 

that the transmission factor applies for light oi the 
particular color used in the test, ami m;i\ be quite 
different for light ol dissimilar spectral character. 




Fig 41 Two sources of brightness can be compared with a 3 x 5 
card with two 1 1 -inch hole*, viewing one source in each This is 
the principle of the comparison-type photometer. 

Brightness Measurements 

The eye is capable of detecting very small differ- 
dues in the brightneH oi adjacent fields, ihis may 
be simph illustrated In punching iwi \/ A inch holes 
in a white 3 x 5-inch card and holding ihe card about 
two leet awa\ from om e\c, with the other closed. B\ 
means ol this dr\ w < , < omparisoiis of such surfaces as 
the desk top vs. paper on the desk, the desk vv the 
floor, walls vs. a luininaire. etc., can be made. This 
ability of the c\e is utilized in actual ineasun im -nis 
of brightness b> making one of the two surfaces van 
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able in brightness anil matching it to the other, which 
is the basic principle of the Macbeth illuminometer 
and [lie General Electric brightness meter; the latter 
is shown in Fig. 42. 



the lower eyepiece, which shows brightness values both 
in candles per square inch and in footlamberts. 

The adjusting buttons .11 the top of the meter are 
attached to milJtiph ing sen ens which increase the 



Fig. 42. The General Electric 
brightness meter has a range of 
2/1000 footlamberts to 50,000 
footlamberts. 
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Fig. 43. Using the brightness meter 
to measure the brightness of a 
luminous wdll 
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range both upward ami downward Iroin the normal 
nnge Ol - to f>0 Inoilamhciis. I he screens have iii u I 
t ipl\ in» fai lots ol "\ 1 0" and " \ WO," w hie h when 

used together become "xIOOQ I bus ilu uppci mii^ 
ol the metei is i |HlM nines 50 cm 50 9 000 footlamberts 

I he range ma\ be extended dow nward In die reduc- 
ing screens in the untie manner, to .©02 lootlamhcit. 

I he optic a I s\strm w hit h is used to ioc us on the OblCCl 
to he measured is ol Midi magnification thai n is ix>v 
siblc ro measure a mm lace nut loot wide and scxcial 
feel long at a distance ol ~><>o lect. 

Fig 44 Macbeth illuminometer For illumination readings a test 
plate is placed at the point in the plane in which the value is desired. 



In the General Lice trie brightness meter, tin 
brightness ol 1 he ( ompai ison lie Id is \;u u d In a phOU 1 
giaphn 1 1 1 1 1 1 gradient; the lamp is stationary and its 
light is tnuumitted through a white glass plate. In 
this inst nui lent, Che opcratoi \iews the photometric 
field in the upper c\cpieie shown at die right. The 
held contains two alumini/ed trapt voids which image 
the comparison field. The lest held 01 suil.ur 10 be 
nuasund. is brought into locus h\ the lens ttihe at 
the kit end ol the meter. liv rotating the knurled 
wheel, the trapezoid field is adjusted to a brightness 
which matches the surrounding test field. When the 
balance is obtained, the operator leads the scale in 
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The Macbeth illuminometer has the comparison 
lamp on a rack-aiul jjinion gear (Fig. -14). I h< instru- 
ment OOnSISU ot the illuminometer, the controller, 

and the reference standard* The illuminometer con- 
tains a Lmnmer-Brodhun cube. The operator peers 

through the telescope at the test plate and moves the 

knurled knob which moves the lamp ha the tube, 

thus increasing or decreasing the brightness of the 
comparison held ol the photometric screen until a 
balance is obtained. 

J he controller contains the batter) for the lamps, 

a milliammctcr, regulating rheostats for the reference 
standard and working standard, and a double-throw 
switch for changing the circuits from one to the other. 

The reference standard contains a lamp so cali- 
brated that when the specified current is passed 
through it, a definite illumination will be produced 
Oil the test plate on which it is placed. The iUumi- 
nometer can in this wa\ be checked at any time. 

For illumination readings, the tesi plate is placed 
at the point where the illumination value is desired. 
When a balance is obtained on the photometric screen, 
the lootc andles can be read from the scale on the 
square rod projecting from the bottom ot the tube. 

The scale is from 1 to 25 footcandlcs. Absorbing 
screens are provided to increase the range from ,02 
to 1200 loouancllcs. Readings of brightness are taken 
by substituting the source or surface to be measured 
for the lest plate. Readings are multiplied by the 
known leflectance of the test plate to obtain foot- 
Jamberts. 




Fig 45. The G-E Multi-Cell light meter has 50-, 200-, and 
1000 fc scales. It contains a bantc of color-corrected cells. The 
diffusing cover-plate traps wide-angle incident light. 




Fig. 46 The G-E Low-Range Precision light meter has 0-1.5 
and 0-5 footcandle scales, primarily used in street lighting 
measurements Its sensitivity is about 100 times that of the pocket- 
type and 50 times that of the meter of Fig. 45. The circular metal 
disk corrects for light at wide angles. 

Measurements of candle-power are made by setting 
the test plate at a measured distance from the source 
and in a plane normal to it. Measurements are usuall\ 
made in a dark room so thai onl\ the light from the 
source strikes the plate. The illumination on the plate 
is measured as pre\ iously tlcs< ribed and this \alue 
multiplied by the square ol the distance in feet is 
the candlepower of the source in thai direction. 

Two other portable instruments are shown in 
Figs. 45 and Hi. The Multi-Cell light mcicr (Fig. I'm 
is designed lor high accuracv of measurements i n 
lighting surveys. The meter has scale ranges of 50, 
200, and 1000 footcandlcs. It contains several color- 
corrected cells in parallel, under the diffusing plate. 
The plate gathers wide-angle incident light. 

Tlx Low-Range Precision light meter (Fig. 46) 

is Chiefly tised in street-light ini; measurements. The 
full-scale is only 1.5 (ootcandles, with a 5.0 fc scale 
for higher values. The cell is mounted on a gimbal, 
which levels itself. The central part ol the cell is 

shielded b\ a circular metal disk, whii b casts a shadow 

when the light is principally downward. When tlx 
light is from a wide angle, the disk shadow chars the 
cell and exposes the center portion, thus "correcting" 
the reading. I he stale is lighted b) a flashlight lamp, 
lor ease in taking readings at very low illumination 
levels. 
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ILLUMINATION MEASUREMENTS 

1 he probability of error when making lootcandlc 

measurements in the held is relatively high even when 

the recorder is an experienced lighting man. In 
order to achieve an acceptable degree of accuracy in 

iuch lu Id measurements, a standard method and lorm 

have been developed l>\ the Committee on Lighting 
Practice of the Illuminating Engineering Society. I he 

following comments on sources ol error are brought 
to the attention <>i all persons involved in making 
illumination measurements! so thai e rrors within the 

control ol tlu lecordei can be minimized and accuracs 

not expected that is beyond ihe limitations ol the in- 

itruimnis used. 

Changes in light output of lamps due to voltage 
variations, hours ol bumingj and dust and din dc- 

pre< iation make it desirable io report illumination 

mi a su lenient s under the ac tual conditions ton nd. 

I herefore it bcxtremcl) important to enter can lulls 

the c haiac lei ist ics ol the aiea on the report in older 

to evaluate properl) the lighting system. 

Selection of Instruments 

There are two classes ol portable light-measuring 

instruments used in illumination surveys ol interiors: 
(I) those suitable lor the approximate measurements 
involved in checking the ordinary commercial or in- 
dustrial job, and (2) those suitable lor ihe exact 
uu -asm emeu is required [or compai ing installations, 
calculating utilization coefficients! and similar appli- 
cations where as high a degree ol aciurac\ as possible 

is required; 

(I) Instruments suitable for approximate meas- 
urements aie ol the photoc ell t\ pes sue h as light me let s 
and illumination mete?*. I he\ utilise a light-sensi- 
tive plate and a microammeter calibrated to read 
directly in footcanclles. Inherent errors arise from 

the following < Buses: 

A. Eye Sensitivity Curve— Uncorrected photocells do not re- 
spond to light radiation of various wwdeagthl in the *am«- 
manner us the human r>r. < un*<ci|iirnlly, they »lioul«J be 
Oilibratod for the partic ular liuht ?*«»iin <• to Im- nra-iur.!. i.r 
the error known l»>r the mmip * IJ I*1'I> 'h f * illurninjti«»n. 
This error, fur li^lit-Aources commonly used in interiors, ran 
vary from 5 per cent to 23 per cent, so its effect is important. 
Some ecll type instruments are equipped with tiller*, whirli 
j:iw ilir it|| ill.- apptuximaie rr*.|ninv of the eye, thu* 
removing tlii* source of error. 

1$. Angle of Incidence (Cosine Lout— Light whieh strikes the 
face of the cell at angles other than the pcrpen.in ular is in 
part reflected from the cover glass, reflected from the cell 
surface, and abstracted by the rim "t the cell uv\ Ihe 
combined error is of the order of 25 per cent. This can be 
expected when measuring illumination in large areas where 
the luniinaiie h.i- a « i<lr*|-ti\nl li^ht <ii*iriliutu»n, and in BB] 
area where light walls, floors, and ceilings contribute an 
apprt-riahle amount of flu\. 



* From "Recommendation* tor j StanJarJ Method for Mraturing 
and Reporting lllumm anon from Artificial Sourer* in Building 
Interiors," published by the Illuminating Lnginecring Society. 



C. Cell-type instruments ha*e no provision for field calibration 
other than a zero reading correction, so they should be fre- 
quently checked BgMIttl a master instrument of known 
calibration or returned to a reliable laboratory at frequent 
intervaJs. 

D. Temperature affects the ceil output, but not in a constant or 
predictable manner. To be on the safe side the instrument 
should be at Ihe air temperature ol tin -pace l»nn: inwsli- 
gated, and pn tcrably within a range of 60* to 90* r. 

E. Like the human eye, many photoeeUfl increase in sensitivity 
when kept in the dark for several hours. A normal reading 
can be obtained only after the cell has hern exposed lor a 
period trnm several minutes t«» several hours. The only wa\ 
to determine the interval for a particular instrument is to 
start with a dark-adapted cell and under a constant level ol 
illumination watch for the time when the readings remain 
constant. The cell should then be exposed to li^ht for this 
period he-lore measurements are taken. 

F. The microammeter used in connection with photoelectric 
instruments is subje< t to certain inherent limitations, in 
common with other electrical instruments, in the ionn ol 
scab- eritus wlmli vur> in amount with the quality of the 
instrument. If tin- instrument ha- more than one scald, 
these should be so employed (hat no reading i- taken in the 
range from zero to 1 4 ol lull m ale. 

(2) Instruments suitable (or more precise meas- 
urements arc the Machcth illuminomeui , the (.en 
end Elect ri< hi ighmcss meter', and the M u hie ell 

melcrv, coloi collected with dillusing plates. lluse 

iumi mucins dosch duplicate the eye lensitivit) curve 

and take account ol the COSine law. 

The Macbeth and similar iiimi mm nts arc visual 
comparison types. In tin hands ol skilled usen, and 
proper!) conditioned, thes arc capable ol accurae \ 

to within — "> pa (cm. illumination is measured bi 

noting tlu- brightness of a surface ol known reflection 
lactor called a test plate. 1 his should he white and 
must have a thorough h mat texture, llu- viewing 
angle should not be greater than 30 Iroin the per- 
pendicular. 



Preparation of Light Sources 

( I) St'iiM>ning Pmod— With incandescent lamps 

m Bsoning is almost iiwtstntaneous. With pmwui m 
sources, panic ularlx the fluorescent txjic, sue h sea 
Boning requires not less than MM) hours ol operation 
before stabilization at rated initial output results. The 
published avenge cm ess dm ing this p( i iod is approxi- 
mated H) pel tent but held cxpcnencc indicates that 
it may be higher in individual cases 

(2) Temperatuft— The light output ol gaseous-arc 
sources, particular!) fluorescent lamps, varies with 

ambient tcmpeiaiuic, decreasing appreciably iron d< 

sign values if the temperature adjacent to the lamp 

rises above certain limits. Iluse limits are oitcn 
exceeded in operating huninaires resulting in a dc- 
crease in light output during the hrst halt hour ol 
operation. For this reason no readings should be 
taken <»l a gaseous source sxstcm until it has been in 
operation at least half an hour. 



1 Illuminating Engineering, Vol. \7. No. I. January, 1*42, p. I». 
3 Ilium. nattng I nginecrin^. Vol. 37, No. 2. February, l»42, p. 10). 
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INSTRUCTIONS FOR DETERMINING AVERACE HORIZONTAL FOOTCANDLES 



The purpose of the readings described below and 
the subsequent calculations is 10 arrive at the average 



horizontal foottandles for the entire area, usually a: 
a height of 30 inches above the floor. 
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A — Regular Area with Symmetrically Spaced Indi- 
vidual Luminaires in Two or More Rows 

Step 1. Select an inner bay of four units. Take four readings 
ir, r t r, rl as shown. Repeat in a centrally located bay 
and average the eight readings. 

Step 2. Scleet a half bay at eai h side of the room. Take two 
readings (o, q» in each half hay midway between line of 
outside units and the wall, as shown, and average the 
four readings. 

Step 3. Sri eel a hull ha> at each rnd of ihe room, lake two 
readings (t, t) in each half bay midway between line of 
end units and the wall, average the four readings. 

Step 4. In one turner of the room take one reading (p> ua shown. 

Repeat in another corner and average the (wo readings. 



Av. III. = 



Fl-C in Step 1 X (No. of luminaires per row minus 
1 1 X iNn. of rows minus li -f- ft-c in Step 2 X (No. 
of luminaires per row minus 1) + fl-c in Step 3 X 
i^*. of rows minus 1) + ft-c in Step 4 



No. of luminaires 



B — Regular Area with Single Row of Individual 
Luminaires 

Step 1. Omit. 

Step 2. Select iwo half bays on each side of the room and take 
two readings tq, q) in rath half bay, as in A, Step 2. 
Average the eight readings. 

Strp 3. Omit. 

Step 4. In one corner of the room take one reading (pi as in A, 
Step 4. Repeal in another corner and average the two 
readings. 

Ft-c in Step 2 X (No. of luminaires minus 1) -f- 
Av. III. = Step 4 average 

No. of luminaip-s 



C — Regular Area with Single Luminaire 

Step 1. Omit. Step 2, Omit Step 3. Omit. 

Step 4. In each quadrant of the room take one reading lp> as 
in A, Strp 4. Average the four readings. 

Av. III. = Fl-c from Step 4. 




D — Regular Area with Two or More Continuous 
Rows of Luminaires 

Step 1. Take four readings (r, r, r» t) near center of room as 
shown, and average the four readings. 

Step 2. At each midside of room lake one reading (q) midway 
between the outside row of units and the wall as shown. 
Average the two readings. 

Step 3. At each end of room take two readings ( t, t) one at end 
of a row midway between end of row and the wall, the 
other between rows and midway to wall as shown. Aver- 
age the four readings. 

Step 4. In one corner take one reading ip» a* shown. lirpeat 
in another corner and average the two readings. 

Fl-c in Step 1 X No. of luminaires per row X (No. 
of rows minus 1) + fl-c in Step 2 X No. of lumi- 
naires per row + ft-c in Step 3 X (No. of rows minus 
1 » + ft-c in Step 4 



Av. III. = 



No. of rows X (No. of luminaires per row 1) 




E — Regular Area with One Continuous Row of 
Luminaires 

Step L Omit. 

Step 2. Divide the continuous row into four equal lengths. Op- 
posite each of the three division points and midway 
between the row of unit* and the wall, take a reading 

lq». Repeat on the opposite side and average the aix 
readings. 

Step 3. Omit. 

Step 4. In one corner take one reading <p) as shown. Repeat 
in another corner anil awcigia the two readings. 

Av. III. = Ft-c ( Step 2) X No. luminaircs/row + ft-c (Step 4) 

N". of luuiinairra plus 1 
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In the early days of electric lighting, lamps were 
of relatively low light output and were commonly used 
without shielding <>i the direct rays from the eyes 01 
redirecting the li»ht into useful /ones. In the yean 

to follow, improvements in electric lamps were Ire- 
quentl) made which brought about the development 
• •I large i lighl sources with higher light output. Such 
lamps were immediate!) pui into use in an attempt 
to satisl\ the demands for more light. At the same 
time, however] it became evident that lamps in the 
field of view must be shielded in order to reduce then 
brightness and minimize glare, and that reflectors and 
other light control media were \ er\ useful in this 
respect, as well as providing a better distribution of 
light. 



PART V 



LIGHT CONTROL 



rhc usual means for controlling light arc by: 



1. REFLECTION 



3. TRANSMISSION 



5. REFRACTION 



2. 1)111 ISION 



1. ABSORPTION 



6. POLARIZATION 



All of these methods are ph\si<al phenomena com 
inon in Nature and are cver\da\ occurrences. The re- 
flection oi the sun on ice. water, and polished Stones, 
are simple examples of the first. It should he home 
in mind that most materials used in lighting systems 
have a combination Ol tWO or more of these phenom- 
ena; thev are doseh interrelated. 
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facture of reflectors for lighting devices and lighting 
elements in which the material is used for housings 

or othei pans. Because the light reflecting character- 
ises are quite different, the) are further classified as 
specular, spread, diffuse and diliuse-spec ular. The 



definition tor each is included in the Glossary, page 
84. It will be noted that the per tent reflection of 
these samples varies over a wide range. The material 

of highest reflectance is magnesium carbonate, a white, 
chalks material produced l>\ binning magnesium. 
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TABLE 4 REFLECTION CHARACTERISTICS OF MATERIALS 



100 Vaporized Silver 

Y*| r £ T v *P° r| K^ Aluminum 



^lum foil 
■ Mirrored gtoa 



Processed Alum specular 
Rhodium" 



f-Algm pohshed 

Xfp 

Chromium specular 



Polished white Plastic 



I 



SPECULAR 



A rNickel 
U [ | ^ Monel 

l_J Alum.mill finish 



Stainless 
steel 



Black structural 
Glass 



Polished black 
Plastic □ 



["-Magnesium carbonate 

I L Wfcite plaster 
I n i r-yihtt* pamt mat 
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Fig, 50. Plane specular or mirrored surfaces appear dark except when the eye is in the path of the beam. Then the reflected image 
is only slightly less bright than the source Notice the patch of highlights produced by the pebbled surface and the spreading of the light by 
brushed and corrugated surfaces 



The wide variety of reflecting man rials makes theu 

study an important part of the work of the designer 
of lighting equipment, as we ll as a matter of concern 
to the engineer, architect, and decorator in designing 
lighting elletts. \n\ manual which reflects light In- 
comes a secondary source, and its illuminated appear- 
ance is often of primary importance, whether the 
ohjective is to obtain impioved seeing condition^ t<> 
make a displax prominent h\ a sparkling elleet, or to 
c u ate *>iie c>l brilliant coloi contrast. The appear- 



ance r>f the materia I when lighted ma] be quite differ- 
ent from that which is anticipated, especially in the 
case of plane specular or mirrored stirfaces. Some 
interesting examples of the app< at ante of mirrored, 
pe bbled, corrugated, vertically brushed, and horizon 
tally brushed surfaces, are shown in Fig. 50. Actually, 
as shown in the illustration, the surfaces all appear 
dark exce pt when the tjt is in the path of the reflected 
beam I lu reflected image may then be only slightly 
less blight than the source. 
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REFLECTOR CONTOURS — The Circular Section 




Fig. 51. The Circular Section. With the light source at the center or focus of d circular reflector the rays are reflected back through the 

source, thereby increasing the candlepower of the emerging rays. The increase will vary greatly depending on such factors as reflector efficiency 
dnd filament form For example, in a projection system the increase will be 40 to 60 per cent with a monoplane filament, and 20 to 30 per 
cent with d biplane filament Circular reflecting surfaces are used in projection systems to concentrate more light on the condensing lem, in 

downlights, and in some indirect reflectors (including silvered-bowl lamps), etc. 



The semi-circular section is the simplest ol all 
reflector contours. With the light source at the center 
or focal |>oint of the arc, the rays that impinge on the 
reflector arc reflected hack to the filament position, 
thus appio\imaiel\ doubling the candlepower of the 
emerging rays (Fig. 51). The increase will varx greatly 
depending upon the reflector elhcienc\ and the form 
o| the source; in the illustration, the source is a single 
coil filament placed vertically in the demonstration 
projection lamp (Fig. V2). In conventional projection 
s\ stems, when monoplane-filament lamps containing 



a single row of coils are used, the reflector increas* s 
the cffic ienc \ -10 pel cent to fi() pel cent. With biplane- 
filament lamps which contain two staggered rows of 
coils, the increase is onh 20 to 30%, due to a com- 
bination of factors. The bowl ol a mI\< red bowl lamp 
is another useful application of a hemispherical re- 
flector. It is used as a means of directing the light 
from the lamp to the ceiling, in modern indirect 
lighting systems used in offices and schools, and in 
home lighting applications (Fig. 52). 



S'*CCC COIL MONOPLANE BIPLANE 





SILVERED BO*L 
LAMP 






L 




F,« 5? The Umpft u»*d in proiect.on tyrferm hevc concentreted hUmenta Shallow kpher.c-l mirrored reflector* ere pl.ced behind them 
The Mkered-bowt Ump k • v.mple eumple ol • »pher.c«l reflector applied to the limp bulb A t.m.U, rumple >» th« thow-utc reflector 
Ump (,.«hi) The bulb h h-ll-coeted with elummum on the .nne* wH.ce. the reflector it cylindrical. The coiled coil f.Umenl „ p |, te «j 

center (behind focm). 
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REFLECTOR CONTOURS — The Parabolic Section 








SOURCE AT FOCUS 



AHEAD OF FOCUS 



Fig. 53. The Parabolic Section. If the light source is at the focal point of a parabolic section, the reflected rays will be essentially parallel. 
(As pointed out above there will be some divergence because of source dimensions.) This contour is used in searchlights, spotlights, 
automobile headlights, etc The center and right-hand illustrations show the loss in control that results from having the source off focus. 



The mOSl useful <>l all specular and semi -specular 
n Rector forms in lighting equipment is the parabolic 
section. When a light source is placed at the locus 
or focal point of a parabolic reflector, the reflected 
raysol light will be essentially parallel. This reflectoi 
shape is used in searchlights; spotlights; and. in com- 
binai ion with a lens, in automobile headlights; in 
coves; and other luminaires where a concentrated dis- 
tribution ol light is required. A simple method of 

(hawing a parabolic curve is as Eollows; 



B @ @ @ @ © 




Assume a line A-B having a 
length equal to one-hall the de- 
sirable diameter of the reflector 
and a line B-C equal to the 
desired depth. Then as shown 
at left, divide A-B inio a con- 
venienl number of equal parts 
and divide B-C into the same 
number of parts. From the divi- 
sion points on A-B, draw hori- 
zontal lines. From the division 
points on B-C, draw lines to 
point A. The points of intersec- 
tion between line* drawn from 
points numbered alike are points 
Oil the parabola. 

To locate the focal point F 
on A-D, draw a vertical line at E, 
with A-E equal to one inch. 
Measure E-G. Then A-F = 
j EG > I . 

— , in nu he-. \n> mo- 
vement linear unit BHCh as centi- 
meters or millimeters may be 
us.'fj instead of inebes. 



Fig. 56. A Scaled Beam headlamp 
uses an aluminized mirror reflector 
and prismatic lens-cover to secure an 
accurate beam pattern (left). Values 
of beam candlepower plotted on 
the road (right). 




In practice, the approximate allowable width ol 
the reflector mouth is known or can be estimated from 
the allowable spate, which limits the dimension A-B. 
The depth of the reflector is similarly estimated, with 
clearance allowed for the socket, base, and bulb of 
the lamp to be used. The final design would incor- 
porate a lip on the outer edge of the reflectoi it it is 
to be used with a mounting ring, or a beading to 
strengthen the assembly and maintain the reflector 
contour. I \ pical reilectors arc shown in Fig. 55 and 56, 



Fig. 54. A parabola is formed by a plane 
parallel to one side of a cone. 





Fig. 55. Cut-away view of typical parabolic reflector. 





PLANE, PARABOLIC, AND CIRCULAR SECTIONS 




Fig. 57 — Circular-Parabolic Sections. A small reflector can be designed by combining the circular and parabolic sections. At the 
left, where the source is at the focus of both contours, the rays reflected through the source by the circular contour are directed into the parallel 
beam by the parabolic section. The "paracyl" (right) is used for illuminating vertical surfaces. In this case the circular section shields the 
source from view while concentrating more light on the parabolic section. 



Combinations of plane, circular, and parabolic 
sections arc usclul in reflector design. In the kit 
illustration of Fig. 57, the- source is at the local point 
ol both reflectors. Ra\s reflected bv the circular sec- 
tion go through the source, are then redirected into a 
parallel beam by the parabolic reflector. Plane and 
circular reflectors arc combined in the bracket lumi- 

naire (Fig- 58). The "paracyl" (Fig. 57-right) is 
used for illuminating vertical surfaces in commercial 
interiors. A circular reflector is a part ol the heat 
lamp ol Fig. 64. Light and heat cncr«\ is focused at 
a distance of about one inch from the mouth ol the 

unit. 




Fig. 58. Plane and circular reflectors are used in this simple 
bracket luminaire for residence lighting. 




hg 60 A similar combination of circular and parabolic forms 
used with a filament lamp The luminaire is a local lighting unit 
for industrial service. 
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THE ELLIPTICAL SECTION 




Fig. 61. The Elliptical Section. With an elliptical section if the light source is at one focal point the reflected rays will converge at the 
other, making possible the sending of a large amount of light through a very small opening as in "pinhole" downlighting systems. If the 
source is out of focus, convergence is sacrificed. 



\n ellipse is a t ui \ e of oval shape traced In a point 
so moving that the sum of its distances lrom two 

points remains constant (Fig. 63). II a concentrated 
light source is placed at one total point in an ellipsoi- 
dal reflector, the reflected rays will converge at the 
Other. This characteristic makes it possible to send 
relatively large amounts of light through very small 
' >| >enings, as in "pinhole" downlighting projectors. 
Or reflectors ol this contour may be used in local light- 
ing units ol such focal distances that the work, can I" 
placed at the second lor al point. As may be seen from 
the top illustration! il the source is out <>l focus, con- 
vergence is sacrificed. Such equipment must therefore 
be caiclulh designed and maintained. 




Fig. 62. In this theatre down-light or "pin-spot/' the light-center 
ol the lamp is at one focal point of the ellipse and the rays cross at 
the hole in the ceiling, which is at the other focal point. 




A+A = B+B 
F |f F 2 - FOCAL POINTS 

Fig. 63 There are two focal points in an ellipse (F1 and F2). 
The sum or the distances from these two points to any point on the 
curve is constant (A + A = B ■+- B). 




Fig. 64. Light and heat energy from the 10-watt heat lamp in 
this device are controlled by elliptical and circular reflectors. They 
focus on a point about one inch outside the opening at the bottom. 



DIFFUSION 
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C 




Mat paint, Terra cotta, 

Plaster, white Limestone, 
Blotting paper, Sandstone 
Magnesium Carbonate 

Fig. 65. Characteristics of Diffuse Materials. 



Aluminum paint 
Oxidized aluminum 



Glossy porcelain enamel, 
Calendered paper. 
Gloss paints 



Diffuse Reflection 

The foregoing discussion has emphasized the con- 
trol of specular reflection. Other Conns of light reflec- 
tion— diffuse, spread, and did use specular, react in an 
entirely different manner. 

Dilluselv reflecting surfaces show no bright spots 
and are equally bright from all angles of view. Such 
a surface obeys Lambert's cosine law*, in essence, 
although no surface does so exactly. This is termed 
perfect diffusion; the light is reflected equally in all 
directions and there is no directional control (Fig. 
G5A). 

Magnesium carbonate and white plaster arc ma- 
terials which ha\e this characteristic. White and 
other mat paints such as are used for ceilings in interi- 
ors are similarly effective as diffusing media. 



Reflecting surfaces which are etched such as oxi- 
dized aluminum or coated with aluminum paint 
create spread reflection which is useful in lighting 
design. They produce a beam characteristic as shown 
in Fig. 65B, having a maximum candle-power at the 
angle of reflection. DcpolMied metals have similar 
control characteristics. 

Diffuse-specular surfaces such as porcelain-enamel, 
gloss paints, and calendered paper are in effect diffus- 
ing surfaces with shiny transparent coatings* They 
are equivalent to an ice-encrusted snow-bank or to 
plate glass placed over blotting paper or other dull* 
surfaced material. The light reflec ted spec ularly b\ 
such surfaces is usually of the order of 5 10 15 per cent 
of the incide nt light (Fig. 65 C). 



A 



B 



C 




Diffusely reflecting surfaces result in no bright spots and a surface that appears 

equally bright from all angle* of view. 



Spread reflecting surfaces spread the light so that the source is not definitely 

mirrored. But since the diffusion is incomplete, the surface brightness is definitely 
related to viewing angle. For example, aluminum painted surfaces appear bright 
at certain viewing angles and dark at others. 



Diffuse-specular surfaces produce a bright image of the source on a luminous 

background of diffused light. 



* Set footnote, pjftt 102. 
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TRANSMISSION 



The measure of the ability of a medium to trans- 
mit light through it is called its transmission jai lor or 
transmiltance , gcneralh expressed in percentage. 

Transparent materials such as clear, crystal sheet 
glass, or plastic pel nut the transmission ol light with 
no appreciable change in its direction. This does not, 
however, mean that KM) per cent ol the light is trans- 
mitted. In fact, il the incident light is normal to a 
clear glass surface, 80 to 90 per cent will go through, 
about 8 to 10 per cent will be rellected, and the re- 
mainder absorbed. The amount ol reflected light 
depends upon the angle ol incidence and ma\ become 
a very high percentage lor grazing angles. 

Spread Transmission 

For conventional luminaircs, transparent materials 
have a very limited application. They arc often 
etched or frosted to scatter or spread the transmitted 
light, as for example, in an inside-frosted filament 
lamp. In this case the degree of diffusion is not suffi- 
cient to efface the bright spot ol the filament It 
should be mentioned thai a portion oi the light is 
diffusely cross-reflected inside the bulb before it is 
ultimately transmitted. The resulting effect is called 
spread transmission. 

Diffuse Transmission 

Clear glass having an enamel or ceramic coating 
provides a transmitting medium which thorough lv 
diffuses the light. Sinn la i h , cased i >r Hashed opal 



glass and white homogeneous glass provide diffuse 
transmission. All of these glasses find considerable 
application in illumination, not onl\ because ol then 
transmitting properties but also for reflection charac- 
teristics. The properties ol white glass may be most 
readily understood if it is regarded as ordinary glass 
in which fine white particles arc held in suspension. 
Eight to ten per cent of the rays ol light normal to a 
piece ol white glass will 

be reflected from the pol- 
ished front surface with- 
out entering the glass at 
all. The remainder nav- 
els thro ugh t h e g lass 
until ii strikes the white 
panicles whence it is dis- 
persed in all directions. 
Some of it is reflected 
as shown in Fig. 66. 




fig 66. Cross reflections in an 
enclosing luminaire. 



II any light ray passes 
through the glass without 
striking a white particle, it goes OUl in a line parallel 
to the one along which it entered. When this occurs, 
the white glass is not compleich diffusing, and il. for 
example, it is in the form of a globe or cylinder, the 
outline of the lamp could be seen more or less clearly. 
This condition would be present even though only 
I per cent ol the light passed through unchanged. 

See spread transmission materials, Fig. 07. 
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SPREAD 



DIFFUSE 



MIXED 



CLEAR COLORED 




Table 5. Transmission characteristics of materials. 



APPEARANCE OF TRANSMITTING MATERIALS 



To insure satisfactory results, the selection of light-control materials must be based on their appearance, lighted and unlighted, and the 
efficiency of transmission. The illustrations show how the various types of transmitting materials appear when lighted. Table 5 gives a 
summary of transmission efficiencies. 



FILAMENT 
LAMP SOURCE 



Vertical Prism 



Prismatic 
Pattern 



Diamond 
Prism 



Heavy Fluted 



Horizontal 
Ribbed 





FLUORESCENT 
LAMP SOURCE 




Fig, 67. Prismatic Glass may be used to produce banded effects and interesting patterns, particularly with various colored Jamps. 

Ribbed glass produces a banded effect at right angles to the ribbing. 



Spread transmission materials spread the 
rays but not sufficiently to conceal the source 
completely; the brightness is definitely related 
to viewing angle. 



Diffusing materials appear of equal brightness 
from all angles of view; the appearance of 
uniformity is obtained when the lamps in a 
diffusing white cavity are spaced not more than 
1 x /i times their distance back of the material. 



Selective transmission materials result in a 
red or orange spot on a luminous background 
because of the selective diffusion. If a lamp is 
viewed through a material such as opalescent 
glass, the image will be distinct although 
reddish and low in brightness. 



When it is desired that the reflecting qualities 
predominate, a very dense while glass should be 
chosen, that is, one which transmits not more than 10 
to 15 per cent. Such a glass would probably abv>rb 
16 jxr cent, and reflect 75 per cent. On the other 
hand, if diBodon is the main objective, as in an en- 
closing globe for filament lamps or a cylindrical lumi- 
naire for fluorescent lubes, the glass should have a 



maximum transmission without revealing the out- 
lines of the light source. This limits the transmit! ante 
to about 50 or (it) pel cent. A totalis enclosing white- 
glass globe may, however, have an over-all output as 
high as 85 per cent, lor while only 55 per cent ol the 
light coming horn the lamp may be transmitted di- 
recih through the glass. sufficient light ma\ come 

from the interior by cross reflection to bring the out- 
put up to K5 per cent. 

As with reflecting materials, to insure satisfactory 
results, the selection ol transmitting materials must 

be bated on their appearance both lighted and un- 
belted, as well as tin- efficiency of transmission. The 
illustrations ol Fig. <>7 show how various types ol 
transmitting materials appear when lighted. The 
choice of illuminant, whether filament or fluorescent, 
greatly aliens appeaiance. as seen Irom the illustra- 
tions. Table 5 includes data on transparent, spread, 
diffuse, and colored glasses. One ol the most inter- 
esting examples shown is "transparent" marble, \\ \\u h 
is cut into thin slabs and impregnated with a wax 
solution. I he transuiittancc ol the stone is too low for 
»t ncral use but the designer can utilize it effectively in 
the fabrication of luminous architectural elements. 

Many transparent and translucent materials have 
the propc i ties of selective transmission or selective 
absorption which permits only certain sections of the 
Spectrum to pass through them. The most common 
are colored glasses which transmit certain colors of 
visible light and absorb the others. 



A more complex form of *e lrc live transmission h 
I (mini in Nature in the earth's atmosphere and ac- 
counts for the color o( the sky. The light from the 
tun is poiwhromat if , that is, ii consists of all the colon 
of the rainbow— violet, blue, green. \ el low, orange, and 
red. I lie earths a (in sphere Matters the blue light 
from the tun more strongly than the other color* 



which make the sk\ appear blue on a clear da\. Duu 
particle* in the lower atmosphere hase a didereut 
effect; when the ruing or netting vun b obaencd, it 
appear) red. When the vaiit nn^ [article* are of the 
same si/e, such as water droplet*, the effect i> the tame 
(or all color* and the cloud*. which cumin ot sapor 
particle*, appear white. 



ABSORPTION 



Sunlight on a tree prodiue* a natural example <»l 
u v« ul pin n« Mm ii. i iioiaMv ahwrphofi I he av« ian< 
tree'* biamhet and green Invert reflect al»out 3 [hi 

Mill ol (be Miul^lil whuli strike* (In in. abvulo jlxnit 
H7 J m i te nt liMh .nl ol 10. INN) footcandles on a mitl 
miiiiiim t dav. tin illumination in tin diade i* therefore 
ahoui MMM) loonamlli %, ihr light energ* aWvulieil 
liein^ converted hMO h«ai V ■ with usual foliage 
MMild thus Ih %.ii*I to have an al»v u pi i< »u lat tot ol 
H7 |m i trill, a dilution lac tor of 1 |n i tint, and a 
irausmi\%ion l.u toi ul 10 |.. i h m 



Ordinarilv, the ahsnrption of light Hu\ Us reflec- 
tors, diadev louver*, and lullle*. a* illustrated in \ ig 
h*. i* considered a disadvantage since it atfecti the 
i Hun iun adsersels. In designing luiiimatre appur- 
tenances, it is usualls dr*irahle to ihoine a material 
or limsh which v%ill refleit and ditfusr the light rtti 
tientlv rather than one tshwh will ah«»rt» marls all 
the lif(ht or a considerable |»»rtton of it. llowe\er. 
-i nil/ ii..- dark colors on such media is often the sim- 
plest meihoil ol « out rolling sir as" lit; In or light 
which mas be projected or r< lies ted in umlesir aide 
<lirec lions 
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REFRACTION 



W hen a reed growing out of a pond is viewed at 
an angle, the stem appears to bend at the surface of 
the water. This is due to the fact that the speed of 
light in water is at a different rate than its speed in 
air. The phenomenon is called refraction. A com- 
mon source of "rainbow" refraction occurs when bare 
(clear bulb) filament lamps are used in a crystal 
chandelier. Each crystal of glass in the chandelier 
creates numerous small rainbows all of which are 




A lens may be considered as simply a built-up system of prisms. The two illustrations at the left show such a prism system and a single convex 
lens built up from that system. At the right are shown convergence with a double convex lens and divergence with a double concave lens. 



blended into the usual white light The "white" 
light Irom the lamp enters the crystal and the various 
colors are emitted at different rates of speed. The 
path of light is also bent out of line if the light pro- 
jects through at an angle. The degree of bending 
depends upon the angle and the relative density of 
the medium such as might be encountered with crystal 
or other forms or combinations of glasses, or with 
plastic or fused quartz. 




Fig. 69. A Fresnel lens consists of a convex lens with sections of the glass removed. In the small illustrations are shown the distribution 
from a typical Fresnel lens (top) and a prismatic lens plate. The latter are used extensively in downlighting systems. The other illustrations 
show how varying beam distributions can be obtained by placing the source either off center or closer to a prismatic lens pJate. 



The Lens 

Accredited bv many scientists to he the one inven- 
tion contributing most to scientific knowledge, the lens 
is probably the instrument most commonly used to 
refract light. The most iamiliar example is the eye- 
glass. The optical profession utilizes the refractive 
power ol a lens to compensate for eye defects by chang- 
ing the direction ol light entering the eye. Ii\ various 
combinations of thickness and contour of the glass, 
the non-s\mmetr\ of the lens of the eve and the cornea 
(the outer transparent layer of the eye-ball) are com- 
pensated. 

Types of lenses used in projection equipment arc 
shown in Fig. 70. 

Fig. 69a. The clear-glass lens plates in the fluorescent luminaire 
sections for general lighting are each four feet long and fifteen 
inches wide. The square lens-plate sections for accent lighting 
contain filament lamps and hemispherical reflectors above them. The 
reflectors are positioned to direct the beams to special displays 
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DOUBLE 
CONCAVE 



Fig. 70. Types of lenses used 
in optical instruments. 



Fig. 71. Essential optical ele- 
ments for motion picture projection 
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The Prism 

A special form of refractor is the prism, which 
resembles the chandelier crystal in action. When a 
beam of light is projected through the face ol the 
prism, the emitted light is in the Eorm ol a rainbow 
"ribbon." This spectrum, called the visible spectrum, 
is reputed to have been discovered by Sir Isaac New- 
ton. By internal reflection a right-angled glass prism 
can return light through an angle <>| ISO , as shown 
in Fig. 72. Reflection at other angles depends upon 
the slope of the prism surfaces. Materials vary in 
their refractive power, due to the difference ol the 
speed oi light through them. The retractive power 
is described as the index of refraction, in terms ol the 
relative speed of light through air. Water and plastics 
have lower indices of refraction than glass. 

A prism is in one sense a section of a piano- convex 

lens. An interesting and useful light control device 
called the plate-lens results when a Hat piano- convex 
lens is developed as a series of ring-lenses, as shown 
in Fig. 74, and used in a "downlight." Painting the 
risers of a lens-plate a pastel color gives the plate an 
interesting decorative appearance when viewed at an 
angle, without reducing the efficiency to an uneco- 
nomical degree. 



RIGHT-ANGLED PRISM 




BEAM OF LIGHT 



Fig. 72. Right-angled prism. 




CONCENTRATING 
DOWNLIGHT 
UNIT 



LENS PLATE 



Fig. 73. Downlight using a plate-lens For light control 



Fig. 74. Development of a Fresnel lens. 
The slope of the ring-lens sections corre- 
sponds to those of a thick plano-convex lens. 
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When the outside view is too bnsht 



a turn of the control knob of the Polaroid 
Sight-Conditioning window brings brilliance 
down to the comfort level 



or if you tire of the view another turn cuts it 
otf altogether. 



POLARIZATION 

Conventional light sources are regarded as radia- 
tors of light flux which "vibrates" in all planes at right 
angles to the direction of the light beam. Many 
materials have the capacity to screen out these vibra- 
tions in one plane and the resulting beam is said to 
be partially "polarized." 

A few materials have the characteristic properties 
of screening out all the so-called vibrations except 
those in one plane and this is said to be complete 
polarization. The specularly reflected light from 
paper, linoleum, and other materials is partially polar- 
ized; for example, a beam of light directed upon a 
clean plate of glass (index of refraction, 1.51) ai an 
angle of incidence of 57°, the reflected light is com- 
pletely polarized. This angle is called the polarizing 
angle and is related to the index of refraction by the 
formula: 

n = tan a 

where n is the index of reflection of the glass and a 
is the polarizing angle. The tangent of 57° = 1.54. 

Fig. 75. Source reflections 
on glossy paper are elimi- 
nated by polarized light. 



Thus when looking through a polarizing fdter or 
screen at a reflection produced on glass at the polar- 
izing angle, the reflected beam can be obliterated b\ 
arranging the polarizing axis of the filter at the proper 
angle. The effect is reduced glare and improved 
visibility. 

Screens of such polarizing material have been ap- 
plied to eye-glasses, used as filters in camera lenses, 
used in large sheets for variable screens in modern 
railway club-cars, and in a wide variety of optical 
instruments. The transmission factor of the material 
ranges between 25 and 42 per cent; hence, when used 
on a camera lens, for example, a larger stop-opening 
is necessary. Polarizing apparatus is used principally 
in scientific work and critical inspection process, and 
it is extremely valuable in these fields. One interest- 
ing use is in the inspection of glass phials (Fig. 76) and 
other transparent articles; when viewed under polar- 
ized light, strains in the product arc indicated by a 
series of multi-colored bands. 

Fig. 76. Upper photo ordinary light. 
Lower photo polarized light. 
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Color is a fundamental consideration in the suul\ 
of light and lighting (fleets. Light and color are 
< losely related; in fact, the color of an object is defined 
as the capacity Of the Object to modify the color of the 
light incident upon it*. 

The interdependence of color and light is a vital 
factor in a large number of seeing tasks in industries, 
arts, and nails. Moreover, loi general lighting design, 
it is obvious that the rcilcc lane e \ allies ol ceilings, 
walls, and other surlaccs in I lie room depend upon 
the colors used and accordingly affect the utilization 
lactor ol the illumination system. 1 hese color values 
not only establish the general color appearance 01 
"color scheme" ol the interior but in a large measure 
the brightness ratios in the immediate seeing /ones, 
thus alU < ting the "visual efficiency" of those who work 
in the loom. Color, therefore, has iis practical appli- 
cation in seeing and also iis elf eel is one of psvc hologi- 

cal significance. Coloi < u ait s definite decorative 
"moods" and m;i\ be said to provide psychological 
"uai mi h." 'coolness," and other attributes of this 
nature. 

Color Temperature 

Warm ami cool colors ol light sources arc also 

cxpicssed on a color temperature stale. Coloi tem- 
perature** describes the absolute temperature in de- 
grees Kelvin ol a thcoit iual bkukboch radiator whose 



PART VI 

LIGHT AND COLOR 



color matches the source in question. Such a bod\ is 
black at loom temperature, red at SOU k. \ellow at 
3000° K, white at 5000 K. pale blue at 80(H) k. and 

brilliant blue at 60,000 k. I he Laboratory device 

used loi tests lesembles a miniature electric luinaic. 

Representative values ol sources ate: candle Same 
-2000 k, gas-Idled lamp-3000 k. *><>0wait daxlighi 
filaiiu ni lamp— 1(100 k da\ light photollood lamp— 
3000 k. daylight fluorescent lamp— 6500° K. 

Primary Colors of Light 

ContraiA lo populai belief, the piimar\ colois o( 
light are red, green, and blue*. Red and green light 
together make \ el low light. M being red and blue 
light produces reddish-purple or violet light. (Combin- 
ing green and blue light produces blue-green. I he 
combination ol all three primaries red. green, and 
blue- produces white light. 1 his addition might be 
expressed matheinaticalK by the lot inula: x -f- y -f- z 
= 1, in which \. \ and / are the three colors of light 
whose addition produces unit OOlOT, whin (Fig. 77). 

* See GloflttfYi p^K c H ** Sec Olu«jr>, page S6. 



Fig 77. The primary colors of light are red, green, and blue 



Minna the primary colon of light produce white light, 
combining colors in pam produce violet, blue-green, and 
yellow. 
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It is interesting to note that light can be subtracted 
as well as added or mixed. This phenomenon may 
be illustrated by placing magenta (bluish-red), yellow, 
and blue-green filters over a ''white" source of light, 
arranged as shown in Fig. 78. In the center where 
the three color screens are superimposed, the filters 
absorb all light. This technique of applying color 
screens, using the subtractive method, is applicable 
in stage and show window lighting systems. It is also 
valuable in solving special problems of color-matching 
in which the color of da\ light is produced by filament 
sources equipped with suitable filters in so-called 
color-matching luminaires, as shown in Fig. 79. 

Color and Colorants 

Substances which are used to produce surface 
colors in objects are called colorants*. They include 
dyes, pigments, paints, inks, and all decorative coat- 
ings. In the industrial field, the use of colorants in 
manufactured products has increased greatly in recent 
years. Modern package-goods, textiles, and automo- 
tive products, to name only three, use several thou- 
sand tints and shades of colorants and a trained color- 
ist is capable of identifying all of them. Tints of 
color are usually considered to be the result of mixing 
white with a color. Shades of color are produced by 
mixing black with the color. 

Colorants are prepared by mixing pigments. In 
the most elementary form, the primary colors are red, 
yellow, and blue, mixtures of which result in secondary 
or intermediate colors. Mixing red and yellow pig- 
ments produces an orange colorant. Red and blue 
produce purple; yellow and blue produce green. Mix- 
ing all three— red, yellow, and blue produces black. 
This might be expressed mathematically by the form- 
ula: a -J- b -f- c = 0, in which a, b, and c arc the three 
colorants whose addition produce zero color, black. 
Painters and decorators generally work with tints and 
shades of colorants. Printers, however, are more likely 
to employ the primaries red, yellow, and blue which 
with black produce a gamut of color in the four-color 
printing process. 

Color Systems 

There arc numerous systems of specifying color. 
1 hey all attempt to simplify the approach to this 
complex subject, and some present principles of color 
hannonv. Color systems may be generally divided 
into two types: (1) those which specify color in terms 
of a set of "standard" colorants such as printed color- 
plates or "color chips," and (2) those which specify 
color in terms of a mixture of theoretical colored 
lights. 

• See Clouary. pjge 10 J. 




Fig 78 Mixture by subtraction — the three color screens together 
produce black. 




Fig 79. An air-cooled color-matching skylight providing diffused 
north sky daylight of approximately 7500" K and horizon sunlight 
of approximately 2500' K (color temperature). The daylight 
quality is produced by 1000-watt inside frosted lamps, color- 
corrected by filters, the horizon sunlight by neck-silvered lamps 
operated two in series 
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Color samples of paint, lacquer, and similar color- 
ants are commonly published on cards or folders by 
individual manufacturers and these generally have 
name classifications referring to the particular product. 
The name specification method is used widely in in- 
dustrial and commercial fields and is highly compli- 
cated by the multiplicity of color nanus. Some of 
the names are well established, such as Prussian Blue 
and Chinese Red, as used by artists. Other more mod- 
ern names such as Bombardier Blue and Angel Pink 
endeavor to imply attributes to specific products and 
are coined principally for the advertising value their 
uniqueness may lend. 

Some color sn stems useful for studs are the Color 

# # 

Dictionary, the Munsell System, the Ostwald System, 
and the I.C.I. Chromaticity Diagram. 



Fig. 80. The Maerz and Paul Dictionary of Color contains 7000 
color samples and a list of 4000 color names. 



Color Dictionary 

The Maerz and Paul Dictionary of Color*, ac- 
credited bv scientific authorities as the foremost text 
on color names, is particularly helpful in the study of 
die general subject of color nomenclature. The book 
contains 7000 different color samples and lists about 
4000 color names. Samples are arranged In an order 
following the spectrum, in seven main groups: Red 
to Orange, Orange to Yellow, Yellow to Green, Green 
to Blue-Green, Blue-Green to Blue, Blue to Red, and 
Purple to Red. In each group, all the colors between 
the Stated terminals are printed on a single color plate, 
graded by small degrees from the full strength ol the 
colors into white. Each group is given eight succes- 
sive plates; the first plate in lull purity, the seven fol- 
lowing plates, ever-increasing amounts of grav. until 
the colors approach black. The color plates are di- 
vided into 12 rows and 12 columns, presenting the 
color at full strength at one end to no color at the 
other. Thus anv color reproduced can be specified b\ 
one letter and two numbers as: 10C5, which would 
locate it on Plate 10, Column C, and the fifth color- 
sample on the vertical scale. The color names are 
taken from usage in the paint, textile, ceramic, scien- 
tilic, technical, and artistic fields. A color dictionary 
is an invaluable aid in the interpretation of color 
language and serves in addition the very useful pur- 
pose of identifying unnamed colorants. 

* Published by McGraw-Hill Book Company, New York City. 





mi 
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The Munsell Color System 

The Munsell Color Ssstera also utilizes a set of 

§ 

standards which consist of pigmented or dyed surfaces, 
printed in the "Munsell Book of Color."* The diree 
variables of hue, value, and chroma indicate the gen- 
eral divisions of the system. Hue indicates the classifi- 
cation of the color by which the eye perceives it as 
red, orange, etc., as differing from white, black, or 
neutral grays. Value is intended to indicate its light- 



ness or relative brilliance, thus a color may be dark or 
light red, indicating a position in a light-to-dark, scale. 
Chroma indicates the purity of the color or conversely 
its admixture with white. As white is added to a 
colorant, its chroma (or saturation) is reduced. When 
the hue reaches zero and the colorant is all white, the 
saturation or chroma is zero. This attribute indicates 
the presence or absence of gray. Substantial uniform 
scales of each of the three attributes are supplied, with 
the other two held constant. 




MUNSELL BOOK OF COLOR 



RED 



HUE 

R 






















mm 





Fig. 81. Variables of hue, value, and chroma are 
illustrated in the Munsell color "tree." Below — 
Ostwald color ''tree" — see page 45. 




fig 82. This page from the Munsell Book of 
Color shows two of the three variables of the 
system — chroma and value. The third factor, 
hue, divides colors as the eye sees them as 
red, orange, etc 
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Publiihrd by Muntcli Color Co.. Baltimore 20. Md. 
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The Ostwald Color System 

In the Ostwald Color Snmciii, surface colors or 
colorants arc divided into (a) achromatii colors, such 
as white, black, and all grays between ihem; and (b) 
chromatic colors such as yellow, red, blue, green, and 
all mixtures between t hem. Chromatic colors are 
said by the principles of the Ostwald System to be 
modified in three ways: 

1. A yellow max be made rcddci or greener; a led 
may be made yellower or bluer; a blue, redder 
or greener; a green, bluer or yellower. This is 
called variation in hue. 

L\ The hue may be retained and increasing 
amounts of white added. The color then be- 
comes piogK-ssively lighter. 

3. The hue may be retained and increasing 
amounts of black added. The color then be- 
comes progressively darker. 

A combination of 2 and 3 occurs when the hue is 
retained and various amounts ol gray added. The 
color then becomes progressively duller. 



The system as originally published divided the 
colors ol the spectrum into 100 hues; later publica- 
tions such as the "Color Harmony Manual"* simplify 
the presentation to include 24 hues. In this manual 
a group of 680 "color chips," which are samples of 
colorants of appropriate color applied to a base of 
clear plastic, are arranged in a series of 12 handbooks. 
Each handbook presents two groups of 28 color chips; 
each group is of a dominant wavelength from the 
color spectrum and the two groups are approximately 
complementary to each other. The chips are in a 
triangular arrangement with eight steps on each side. 
I he apex is the color chip of "iullcolor" (one of 
the 24 steps) having zero black and zero white con- 
tent. Two diagonal rows are arranged in steps with 
progressively more white added to the fullcolor in 
one and progressively more black added to the other, 
both by a logarithmic addition. The remaining spaces 
are in scales of equal-white and equal-black content 
and in a so-called shadow series whose colors are of 
equal chromaticity**. The progression is accomplished 
by adding black to the full color rather than pure pig- 
ment. Such a progression from pink, for example, 
woidd lead to a solt tone ol rose— down to a maroon. 

* Published by Container Corporation of America, Chicago, Illinois. 
** Sec Glossary, page 86. 
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harmony manual 
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Fig. 83. The Ostwald Color System divides colors into 24 hues (dominant wavelengths). Groups of color chips are arranged 
in complementary groups in 1 2 handbooks. A total of 680 plastic color samples is supplied A later edition includes 943 samples. 
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Fig. 84. The I. C. I- Chromaiicity Diagram specifics color in terms 
of theoretical colored lights. With this system all possible colors 
can be described mathematically. 

I.C.I. Chromaticity Diagram 

The I.C.I. (International Commission on Illumi- 
nation) tristimulus method employs a chromaticity 
diagram (Fig. 84) and specifics color in terms of mix- 
tures ol theoretical colored lights. With this s\stem 
it is possible to coordinate all color systems, and it 
permits the specification of all possible colors to be 

shown on one chart. The I.C.I. ssstem of coordinates 
makes possible the exact specification of colors mathe- 
matically l>\ means ol (Nil) two coordinates on a 
"color map." 

Determination of the color coordinates of a source 
of light or a colorant is accomplished by a complicated 
scientific instrument called a spectrophotometer, 
shown in Fig. 26. This instrument is capable of divid- 
ing the visible energy band (Fig. 1) inio 10,000 parts 
and measures the relative encrg\ of a test source in 
each part. The light reflected or transmitted by the 
ample is dispersed into a spectrum bv means of a 
<puni/ pi ism. Each spectral region is then isolated 
and the amount of energy in each region is measured 
bv a sensitive cell whose surface is blackened so as to 



convert the light energy into heat. The relative 
"weight" of each spectral region is determined in 
terms of the "standard eye curve" (Fig. 22). 

The components ol the mixture diagram (Fig. 86) 
are three theoretical colors of light-reddish purple 
(X), green (V), and blue (Z). By means of fixing the 
"V" value on the eye-sensitivitv curve, a color is trans- 
lated mathematicallv bv two coordinates, marked hori- 
/ontally and vertically and plotted as x and y coeffi- 
cient values (Fig. 86) on the chromaiicity diagram 



where x = 



X 



\-TZ and >' = X + Y+Z- 



It may be seen that the spectral colors (Fig. 84) 
lie about the perimeter of the curve; these are the 
purest or most saturated colors that can be produced. 
All colors fade into "equal energy white" at the cen- 
tral point. Since all colors are mixtures of spectral 
wavelengths, all colors lie within the curve and all 
possible colors can be plotted. 

It has been experimentally established that any 
color may be matched by the addition of suitable pro- 
portions of "white'" light to some "dominant'* wave- 
length along the spectrum locus (outer curve). As 
shown in Fig. 85, the point for the green fluorescent 
lamp shows that its light can be considered a mixture 
of pure green light (of dominant hue at the wave- 
length of 5280 Angstroms) and an "E(jtial-Energ\ " 
white. 1 he relative distance horn the white to the 
point representing the green fluorescein lamp indi- 
cates the saturation of the light; in this case 58%. 



■ inli.nl i.nlniiliuiL.nlu.iL 
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Fig. 85. Chromaticity diagram showing the color location* of 
filament and fluorescent lampv The percentage lines indicate per 

cent saturation or purity. 
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Color Mixture Nomograph 

Any mixture of the light from two colored fluo- 
rescent lamps of the same wattage lies along; a straight 
line connecting the two colors on the diagram, the 
exact point being dependent upon the number of 
lamps of each color used. A llnorescent lamp color- 
mixing nomograph is shown in Fig. 86, and indicates 
resultant colors lor various mixtures o| fluorescent 
lamps of present standard color and relative Jumen- 
per-watl output For example, to determine the color 

resulting I rom a mixture of nine blue and three green 
fluorescent lamps, the numerical ratio of blue to green 
is 3:1. This ratio is indicated In the Figure "3" 



nearer the blue, on die line joining the blue and 
green points. 

The color resulting from the mixture of three flu- 
orescent lamps is established by the intersection of 
two construction lines drawn between any two lamp 
points and the opposite lamp ratio points. For ex- 
ample, the color resulting from a mixture of pink, 
green, and blue lo match cool white is found by 
(hawing a construction line from the blue lamp point 
through the cool white and marking its intersec- 
tion with the "green-pink ratio line." This point is 
noted to be at die ratio of 3.2 pink to 1 green. Then 
a second construction line is drawn from the pink 
lamp through the cool white poini where it is found 
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Fig. 86. I. C. I. Chromaticity diagram as 
a fluorescent lamp color-mixing nomograph. 
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to intersect the "blue-green" line at the 1 to 1 ratio- 
point. Hence, a mixture of light from 3.2 pink. 1 
green, and 1 blue will produce a color matching the 
standard tool* white fluorescent lamp. 

The color coordinates of filament and fluorescent 
lamps arc shown in Fig. 85. It becomes at once ap- 
parent that the familiar filament lamps are actually 
colored and are surprisingly saturated, relative to the 
"e<|ual-encrg\ white." There is a definite tendency 
for these sources to appear "warm" and thus to accen- 
tuate reds and vcllows when applied to interior illu- 
mination. Higher levels of illumination as used 
today in interiors arc usually accompanied by a pref- 
erence for whiter colors ol the ilhuninant. In other 
words, as daytime levels are approached. da\ light 
colors of light seem more appropriate. 

The Psychological Effect of Color 

As previousl\ mentioned in this chapter, color has 
a powerful psxchological 

put to list- in modern advertising and merchandising. 
The merchant cmplo\s both colorants and colored 

light in the display of merchandise to create spectral!) 

unusual settings in order to magnify their attention- 
value. He mav use so-called "warm" colors such as 
tints of red or orange in the display of summer sports 
clothes, for example, since these colors are associated 
with warm weather. These colors, which are at the 
red end of the spectrum, are called "advancing" colors 
because objects lighted b\ them seem to advance or 
"stand out" toward the observer. Conversely, the 
merchant mas use "cool" colors in a fur salon. The 
choice would be either a bluish-white or a greenish- 
white, tints which would create an c flea usualh asso- 
ciated with a cold climate. These are termed "reced- 



ing" colors, since they tend to "move away" from the 
observer. I hese terms are applicable both to colorants 
and colored light. The warm white lamp is an example. 

"Warm" colorants for walls and furniture may be 
similarly selected by a decorator as a means of reduc- 
ing the "coldness" of rooms with northern exposure, 
particularly those in which the bluish-white light of 
the north skv is the principal source of illumination. 
Tints a colorant may be selected to balance a color of 
light or a color of light selected to balance a colorant. 

Colors of Light Sources 

II is of interest to note that a large part of the 
preference for "warm" colors is due to the many years 
of use of incandescent sources— candles, oil lamps, gas 
lights, and early filament lamps. People have become 
conditioned to colors of artificial light in this range 
and the color tones of furniture and rugs and walls 
arc similarly well established. Early filament lamps 
were relatively richer in red and yellow rays than pres- 
ent-day ones, since they operated at lower temperatures 
and efficiencies. 

Architects who design theatres and restaurants 
make the widest use of color and color effects. Where 
there are adequate lighting and electrical control sys- 
tems, a range of variations of hue and brilliance are 
used to supply unusual decorative combinations in 
the theatre auditorium, often in "mobile" color-chang- 
ing sequences and by similar methods embellishing the 
stage-setting. In a number of theatres, "black light" 
sources which SUppI] ultraviolet radiation are used. 
The radiation is directed to specially treated fluores- 
cent materials and nippl) delicate tints of sell-lumin- 
ous color on carpets, pattern designs on walls and 
posters, and on stage costumes. 



Fig. 87. In this Colonial 
Innt, fluorescent paint is 
used lor the ceiling, the 
murals, and the stars "Black 
Light" is suoolied by 250- 
watt AH-5 mercury lamps 
alternated with pa*rs of 
40-watt 360 BL (48-inch) 
fluorescent lamps in the 
cove*. Red-putple filter 
glass covers screen out 
visible light The room 
illumination averages one- 
half lootcandle 

• V, hen Je luxe cool white 
lamp* arc u*cd in mix- 
ture*, (he calculation is 
made from standard cool 
white data in Fig. t6. 
The equivalent number oi 
de luxe lamps is detcr- 

standard 

mined by the 



dc luxe 






lumen ratio. 



t Illustration courtesy of 
The New Jeriey Zinc Co. 
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Color and the Response of the Eye 

Besides the factors of pigmentation of objects and 
i lie color of the light used on them, there are other 
factors of significance, which are based on the response 
characteristics of the eyes of the observer. These are 
varied in nature; two of them have a unique parallel- 
ism in the response of the car to sound. 

Just as some people cannot differentiate certain 
hues and are "red color-blind" or "green color-blind" 
(or completely color-blind), some people are tone- 
deaf to some degree in the high or low tones of the 
scale. Another pertinent similarity which is a cor- 
rectable deficienc) is known as "color ignorance" by 
which untrained 01 indiscrimination persons do not 
perceive slight color differences at all or are unaware 
of "clashes" in color combinations. This is equiva- 
lent to persons who are said to be "tone ignorant/ 1 
i hat is, those who lack training in this phase ol musi- 
cal knowledge. 

Other factors which affect the appearance of ob- 
jects are characteristics of the normal eye. For ex- 
ample, a green object or surface appears bluer on a 
yellow background than on a neutral gray one. Sim- 
ilarly the same surface appears yellower on a blue 
background than on a neutral gray surface. Phenom- 
ena of this sort arc of importance to artists* in the 
>iiginal design of displays and to the illumination 
system designer who may be called upon to correct 



the condition with suitable Lighting. 

Eye fatigue also affects the appearance of objects. 
The level of illumination upon an object or its bright- 
ness greatly affects its appearance generally and in- 
variably its "color impression," particularly when com- 
pared with other objects or surfaces which may be 
adjacent to it. Reflections from clothing, walls, etc., 
are points which must be frequently considered. 

A principle which emphasizes the need for knowl- 
edge ol both colorants and colored light is evident in 
the lighting for inspection of colored objects which 
must be held to narrow color limits**. In these, the 
color of light should be rich in the spectral region at 
which the products have maximum absorption (mini- 
mum reflectance). This accentuates the difference in 
color. 

For example, small color differences in blue, pur- 
ple, and violet textiles are most easily detected under 
tungsten-filament lamps which are rich in red and 
\ el low ravs. Differences in red and pink textiles arc 
most easily seen under natural or artificial daylight, 
which is relatively rich in blue and green. There is 
little choice in these two illuminanis lor the inspection 
of green and yellow textiles. However, there should 
be radiant energy throughout the visible spectrum. 

* Reference — Handbook of Colorimctry by Arthur C. Hardy (The 
Technology Press, Cambridge, Mass.) 

** Lighting to Detect Small Color Differences. A. H. Taylor, (Maga- 
zine of LIGHT, No. 7, 1942). 
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PART VII 



QUANTITY AND QUALITY OF ILLUMINATION 



Levels of Illumination 

Main considerations are involved in specifying the 
illumination for various applications. In all cases, 
the illumination must meet the requirements for such 
seeing tasks as may be present and in many cases it 
must also include lighting for esthetic purposes and 
lighting to attract attention. In meeting these require- 
ments, proper weight must be given such factors as 
brightness distribution, diffusion, direction, elimina- 
tion of objectionable shadows, and color quality of 
the light, as well as footcandles. 



the time available to see it, and the brightness relation 
between the taskf and its surroundings. The desirable 
levels of illumination to provide good seeing for vari- 
ous tasks can be approached from several viewpoints. 
For the purpose of this discussion and to help the 
reader get a better understanding of the problem of 
specifying footcandles, the different viewpoints arc- 
discussed under three premises. 



Footcandles for Seeing* 

Seeing is a function of a number of fundamentally 
important factors, some of which are: the size of the 
object or detail, the contrast of the detail with its 
immediate background, the brightness of the detail, 
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Supplementary Lighting 
With General Lighting of About 
One-Fifth of Total Fc. 



General Lighting 



APPROXIMATELY EQUAL STEPS IN FOOTCANDLE EFFECTIVENESS 

Fig 88 — Classification of Footcandle Levels 



• Recommended footcandle levels for specific application are shown 
in G. E. Lamp Dept. Bulletin. Loch of Illumination." 
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Premise I 

For uc a miles bawl on lighting out-of-doors which 
is free of oM v) that, to the extent of its availability, 
one can always have all he wishes. 

J I reading of a well-printed book is the seeing 
task and we take it outdoors at noontime on a clear 
summer day, Iff Imel that a comfortable place to tad 
is in the shaele ol a building. The skv ex|M>sure illu- 
iiiiuaiiou on the hook will varv between rather wide 
limits peihaps a range ot 100 to 1000 looiiandles, 
depending upon the nearness to the building. F nele-r 
1 1 us range of lighting levels the great majority of jk.*o- 
ple wnli noniial vision would choose something more 
i han 200 ((Mite and Irs for comfoi table reading and 
when this amount ol illumination is i< adily available, 
the readei is usnalh not entirely satisfy d with less 
light. On the othei hand, ii he moves awav from the 
building ami liies to lead the book under direct sun- 
shine ot iiUOO to MO00 loonamlles, he will probabh 
Conclude thai n is loo much lor comtort, even though 
this high level lighting is I reft 

A moie difficult see ing job than leading is iound 

in tailoring when the niitmakei must observe daik 

threads on dark cloth* If this work is done out-of- 
< loots, it becomes dlMiiiclls easier to see it under diret t 

wntighi ol 6000 to kooo footcandla than under the 
lowei illumination in the ihadc ol the building: and 
again, il Etioltaiidles were Irec lor tin tailor, and the 
Ik at were not excessive he would most certainly want 
the highei levels. 

I he conclusion to the foregoing ii that if one were 

outdoors mi .i ( I ' «ii Mimmei das where he could have 
all the light he might wish, disregarding oilier lac- 
lois. he would choose at least 200 looteandles lor read- 
ing a well pi mud book and about 8000 foot c a miles lor 
sewing dark cloth. Moieovu, the 200 and BOOO !<>'»t- 
c and lei desired lor tin se two distinctly dilh n nt seeing 

tasks Indicate a wide i sngc within which the optimum 

desiiable loouaiulles will t>e lound lor most all the 

common visual tasks in industrial plants, homes, of- 
lu t s, m hools, and stores. 

I'minsc II 

i ootcantllci based on eoual visibility i«»r all fttina 

tasks which must he done whe n high outdoor lighting 
lesels au not easv to gel. 

\lthoiigh LMMI oi so |(»ol(.iii(ll(s ate preletred b\ 
|M-ople with normal vision lor leading a we II pr inted 
book, this amount of light has been m Idom used in- 
doors because conventional aitiluial lighting methodi 
ol the. past became obtiusise or unpleasant or pre- 



sented installation difficulties. Bv straining the eves, 
one can actualls see to read with less than a (ootcandb 

s 

and experiences have proved that one can read with 
some ease and comfort with the comparative!) low 
level ol onlv 10 tootcandles ot illumination; therefore, 
he often decides to use this amount primarily because 
il is casv to get. Like wise, il the tailor compromises 
on about 1/20 of the desired outdoor lighting he will 
be able to get along fairlv well with about 100 foot 
candles of indoor illumination lor his work of sewing 
dark clothes. In other words, 400 footcandlcs lor the 
tailor is just as conservative from a visibility and ease 
ol seeing point of view as is 10 loouaiulles for leading 
the well pi inted book and relative foott andles loi 
most other common visual tasks will be lound within 
the range indicated bs these- two values 

The relative footcandles for equal visibility be- 
come apparent if one looks at the book lighted with 
10 fiootcandles through a pair ot goggles luted with 
film lenses partialis opacpicd or slightlx clilliising to 
make tlx le-admg matte i baie lx visible at a given ehs 
tame, i hen il the se goggles aie worn in a workroom 




F19 89 This visibility meter consists essentially of two circular 
godtcnt filten which may be routed in front of the eye* while 
lootin-3 at my obiect or Actually performing e seeing tasU These 
filters reduce the brightness of the obiect m the visual field end their 
slightly diffusing characteristic alters the contract between the 
obiect end it* immediate background Thus, threshold conditions 
ere obtained The meter hav two scales — one of which 11 cali- 
brated to read relative footcandles and the other, relative visibility 
The relative footcandle scale extendi from 1 to 1000 and by 
ediustmg the circular fillers simultaneously to the threshold of 
visibility for any obiect, the scale readme, indicates the looteandles 
required in order that the object will be as visible as 8-poml Bodom 
type, when both are viewed under stenderd test conditions 
The relative visibility also is read when the obiect being viewed is 
reduced to the threshold of visibility The scale reeding obtained in 
this msnntt for venous seem? teslcs represents a range of visibility 
levels from 1 to 20 es established with the parallel bar test standards 
For further details see Chapter XII — Light V.sion and Seem) by 
Matthew LucU.evh — D Van Nosiund Co , N V. 



Fig. 90. Visibility test ol an office task and a laboratory test of coal lighted by a miner's headlamp. 



which is equipped so that the illumination can be 
adjusted as desired for various seeing jobs, one will be 
able to obse rve the foot candles required to make each 
task barely visible when viewed at the given distance. 
The footcandle values as observed in this manner will 
indicate relative illumination levels [or all the tasks. 
The Luckiesh-Moss Visibility Meter, shown in Fig. 89, 
furnishes such a pair of goggles and a convenient way 
of adjusting their densits so as to reduce the visibility 
of an object to the point where it can barely be seen. 
This reduction in visibility is actually accomplished 
chiefly by reducing the contrast between the details 

and their background which in turn is due to the 
Veiling effect of a certain amount of scattered light 
which does not alter the definition of the image. The 
following list shows approximate values for a few topi- 
cal footcandle readings with this meter when cali- 
brated for reading 8-poini Bodoni type on white paper 
under 10 loot< andh s. 

5 foottaiidlcs Type of this size on white paper 110- 

point Bodoni Book | 

10 footcandles-Typc of this size on while paper <8-point 

Hniloni 1 »• >> - k > 

20 fooicandles— Good carbon copies of typewritten 

mailer on white paper 

30 fooicandles— Usual newspaper 

50 [oouainllcs— Shorthand notes; also for yellow 

page* of telephone director) 

100 fooicandles Stock quotations in newspaper and 

lor sewing white thread on white 
cloth 

200 fooicandles Fine sanding and finishing ol me- 
dium reflection (actor wood products 

100 fooicandles— Sewing dark thread and dark cloth 



It should be kept in mind that under the foregoing 
lighting levels none ol the tasks can be seen anywhere 
near as comfortably as OUt-of-doors where many times 
the fooicandles are available. 

Premise III 

Fooicandles based on present-da\ practice. 

The footcandle values found in present-day pra< 
ticc lor various visual tasks arc the result of several 
obvious factors which include the cost of artificial 
lighting, methods of obtaining it and habits in its 
use. Furthermore, lighting is always accompanied b\ 
a certain amount ol heat and radiant encigs which 
in some instances is objectionable and has retarded 
the approach to desirable illuminations. The more 
Eavorablc relation of light to radiant heat in the fluo- 
rescent lamp is one of the reasons thai the newei 
source led so promptly to the use ol highei footcandles 
and to the conclusion that aii -< conditioning and propci 

lighting are economically compatible. Also lighting 

costs in gene ral have rapidh dec reused t hroughou t 

the yean so that today the cost per footcandle is onh 
about one-tenth of that found prior to W'oild War 1 
Ol significance is the fact that during this same period 
illumination levels ha\e inci eased about ten limes 
For example, industrial plants using about 1 loot- 
candles prior to Wot 1(1 W at I now use 10 loou andles 
fo] the same kind of work. In such loouandlc in- 
creases, however, ove r a generation, practice has onh 
partial I \ recognized the fact that the more difficult 
seeing tasks require main times as much light as the 
less difficult Onefc In other words, it is lairh tas\ to 
double oi tuple ihe |(l loouandlc value above referred 
to for reading, with a result that the use of 30 foot- 
candlei or more is good practice in Office*, lint on the 
other hand, it is not easy to get the even more needed 
level of 400 fooicandles for tailoring and therefore, in 
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present-day practice in the tailor shop we are more 
Kkelj to find 50 to 100 footcandles with a maximum 
of about 200. Likewise, lor most all the more difficult 
seeing tasks, the footcandle values in practice as listed 
in the table indicate such comparatively tow levels 
that these tasks become relatively more difficult than 
reading under even 10 footcandles. This, <>t course, 
penalizes those people who have the more difficult jobs 
to perform. Also it should be mentioned that present- 
day practices impose a handicap on the many people 
having subnormal vision and most of those in the 
older-age groups. These people arc especially penal- 
ized because they require more light to do the same 
visual work. 

Footcandles for Selling 

Whether ii be »oods or services that are sold, light- 
ing is a prime element in the three factors of merchan- 
dising: attraction, atmosphere, appraisal. Each of 
these factors plays a part in the success of a store or a 
gas station, ami even in that of a theatre or other place 
of amusement. 

A pattern of brightness must be depended upon to 
capture the attention and interest ol potential cus- 
tomers passing rapidly in vehicles or afoot, so that 
they will want to come into the place ol business. In- 
side, as well, the distribution of brightness affects their 
movements, determines what they look at, influences 
the numbers and kinds of things ihev buy and how 
often they return. Thus, the desirable illumination is 
goxeined b\ more than the requirements of particular 

seeing tasks presented b) the merchandise; it has to 
do with such lauois as competition for the consumer's 
dollar, with turnover or sales per square foot, and with 
realizing the greatest return from investment in other 
appointments. 

Higher values of illumination more fullv reveal 
color, pattern, texture, workmanship, subtleties of 
styling, inherent quality. Quick, accurate appraisal 
brings quicker decisions, speeds sales. Light of appro- 
priate amount and color quality radically reduces re- 
turns. Dark goods, fine detail, and items of high 
intrinsic value usually need more light than those of 
high reflection factor and plainer character. 

The store to which people like to return again and 
again uses light to create an atmosphere of alertness 
and cheerfulness! to add accents of interest, and b\ 
coordinating the iicwh available tints and colors of 
the fluorescent lamps with the store decoration to 
create a mood which is < liaractcrisiic and appealing. 

The classifications that follow indicate footcandle 
values found desirable in the experience of successlul 
business institutions. Each step upward in the foot- 
candle scab is about iwice that ol the preceding one. 
This is the minimum difference which is significant 
from the standpoint of attention value. Greater dif- 
ferentiations in brightness and variations in color will 



be found progressively more potent. Thus featured 
displays take a relativly high classification, as do show 
windows which must command attention from rapidly 
moving eyes and convey their story in a few seconds. 

Prcscnt-day Footcandle Values 

It has been known lor many vcars that the con- 
tribution of footcandles toward effectiveness in seeing 
is represented by a geometric scale approximately 5, 

10. 20. 50, 100. 200. 500. 1000, etc.. !<><>.( an.lles ami not 
by arithmetical steps such as 1,2, 3, 4, etc. This is 
illustrated diagrammatically in Fig. 88. In this chart 
the 100 step is about 10 per cent of outdoor illumina- 
tion on a heavilv overcast dav. For a significant im- 
provement above "100" toward quicker and easier see- 
ing, it is necessary to advance to "200" ami so on. 
Typical present-day practices in applying these foot- 
candle classifications to various seeing tasks arc given 
in the following paragraphs. As discussed above, the 
more difficult seeing tasks are not usually as well 
lighted from the standpoint of the de tail to be seen, 
as arc the less difficult ones. Those tasks which at pres- 
ent arc most neglected in this respect are marked with 
an asterisk (*). 

Footcandle Classified! ion — 
100 (70 to 150) 

For very exacting and prolonged seeing tasks such 
as fine bench and machine work*, extra fine hand 
painting and finishing, and for the discrimination of 
fine detail of low contrast as in pressing dark cloth 
products and drawing dark woolens*. For showcases, 
wall cases, and open counter displays in stores where 
discrimination of detail and attention value are im- 
portant factors. 

Footcandle Classification — 50 (30 io 70) 

For severe and prolonged seeing tasks such as 
medium bench and machine work, medium fine assem- 
bly and inspection*, prolonged reading and studying, 
drafting*, priming press work, office work such as 
bookkeeping, typing, accounting, and children's 
(home) studying*. For general merchandising areas 
in stores and for exhibition games in gymnasiums. 

Footcandle Classiftcalion — 20 (15 io 30) 

For moderately critical and prolonged seeing tasks 
such as rough bench and machine work, rough assem- 
bly and inspection, casual reading and writing, hand 
painting and finishing, for pressing light colored 
leather products, and weaving light colored rayons. 
For circulation areas in stores. 

• Tasks commonly neglected from a lighting adequacy standpoint. 
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Footcandle Classification — 10 (7 to 15) 

For visual!) controlled work in which seeing is im- 
portant bin more or less interrupted or casual, and 

<lncs not involve discrimination ol fine details or low 

contrasts— lor rough work, such as breaking and 
screening coal, glass-blowing machines, billet, bloom- 
ing, and sheet bar mills in steel manufacturing. For 
stock rooms and active storage areas for a variety ot 
small articles such as lor merchandise stocks. 

Footcandle Classification — 5 (3 to 7) 

For interiors where crude manual tasks are inter- 
mittently carried on, such as required lor grinding 
clav products and cements, stone- crushing, hand lur- 
naces and boiling tanks in chemical plants, stock 
rooms and active storage areas lor bulks materials: 
lor the sale movement ol people through corridors. 
For active work areas outof-doors— loading docks and 
quarries. 

Footcandle Classification — 
200 (150 to 300) 

For extra fine inspection such as required in mak- 
ing jewelry* and precision instruments*, sewing*, and 

inspection ol dark leather products. For basic lighting 

ol show windows in main business anas and lor lea- 
ture displays in show windows in secondary business 
areas; tor featured merchandise in the store. 

Footcandle Classificati(m — 
500 (300 to 700) 

For inspecting dark cloth products, for color tele- 
vision studios, and accent lighting in show windows 
in main business distrit is. 

Footcandle Classification 

1000 (700 to 1500) 

For featured displays and for daytime illumina- 
tion in show windows; lor hospital operating rooms. 

• Tasks commonly neglected from a lighting adequacy standpoint. 




Supplementary' Lighting 

In those cases where the higher footcandle values 
are required for the more difficult seeing tasks in work 
places; and lor many home lighting applications ii 
is often practical, economical, and desirable to install 
supplementary lighting equipments. Supplementary 
lighting, as the name implies, should be used in con- 
junction with the general lighting svstcm and when 
the combination is used lor prolonged close work it 

should be planned to avoid too great a brightness 
ratio between the work areas and the surroundings. 
This is usually accomplished when the general light- 
ing s\stem provides illumination ol the order ol i/ 3 
lo i,- the total lootcandles. In merchandising displays 
a greater range is permissible in order to obtain maxi- 
mum attention value. On the other hand, a difference 

greater than aboul 2 to 1 between the illumination in 
a slum-case and on the counicr-top may result in a 
less lavorable appearance of goods when brought out 
lor examination. 

SHADOWS 

For satisfactory seeing, lighting with a certain 
amount ol shadow is often ncecssary. Shadows give 
form to objects, for example, it is possible to distin- 
guish between a circular disk and a sphere ol the same 
diameter In a gradation ol shadow on ihe sphere and 
the absence of it on the disk. Ol lor the inspection 
ol rough-surfaced materials such as rooling paper or 
shingle-sirips. it is olten neccssarv to install supple- 
mentary lighting units so that short, sharp shadows 
are present to reveal details or faults in the material 
(Fig. 91). These have been termed "useful shadows." 



Fig. 91. Satisfactory seeing is supplied on this asphalt shingle 
inspection table with the projector lamps (right) They improve the 
brightness and add shadows ol the particles of stone, revealing 
details not visible with diffuse lighting (left). 
▼ 





Sharp, black shadows* often make objects appear 
harsh and when such shadows hide pans ol ma- 
chine i\. in an industrial plant, the\ may become 

extremely dangerous. Similarly, il the aisles are 
darkened by shadows of stacks ol material or other 
obstructions, the dark areas are potential sources ol 
act idem, due to workmen n ipping ov er objects which 
ma\ be left on the floor. The sharpness ol shadows 
is usual!) a function ol the type ol luminaire; the 
more direct the light from it. the sharper and blacker 

the shadows. Winn the lighting units arc installed 

too Ear apart, the shadows they cast ol machinery and 
other objects are long and correspond inglx dangerous. 
Luminaires proper!) spaced decrease this hazard, the 
shadows are wiped out b\ the overlapping distribu- 
tion of light or are illuminated sufficiently. 

The study ol the modulation ol light and shade 
is an important phase ol illuminating engineering, 

especially from an artistic standpoint. It is paramount 
in photograph), and in a more permanent form, it is 
most vital in the illumination of sculpture. 

Highlights and shadows on a sculptured bust, for 
example, can greatly modily the expression of the face 
and conceal or reveal details which may make or mar 
its beauty. An idea of the change which can be 
wrought in the appearance ol a piece ol sculpture may 
be seen in Fig. 93. In the right-hand illustration, a 
line handling of highlight and shadow, the effect is of 
repose and grandeur, and the beauty and excellence 
of this masterpiece of Italian Renaissance art are em- 
phasized. 




Fig. 92. Sharp, black shadows cast by glaring lamps arc dangerous 
in industrial interiors. 

The left-hand illustration seems scarcely recogniz- 
able as the same work. The sharp shadows cause the 
eyes to bulge and the dark background sharpens the 
outline ol the head and shoulders disproportionately. 
The emphasis of highlights draws the viewer's atten- 
tion to the details of dress; the repose and beauty of 
the lace arc completely lost. 

In lighting this example of sculpture die final spe- 
cification effected a t\pc ol lighting similar to that 
from the sun against a slightly overcast sky. The 





Fig. 93. These two views of the same sculptured bust, show the importance of correct illumination to preserve the 
expression and beauty intended by the sculptor. 
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dominant beam was obtained by a 150-watt concen- 
trated filament lamp in a luminaire, containing a 

reflector and lens-plate. Eight SO-watt units as shown 
in Fig. 94 supplied the remainder of the lighting 
pattern. 

The use of comparable analytical technique* is of 
Importance in commercial establishments. Shadows 
are a definite part of. the lighting composition of dis- 
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• Rcf. Modeling with Light, H. Logan, Illuminating Engineering, 
Vol. )6, p. 202. 




play niches, furniture groups, and show window en- 
sembles, and lend dramatic emphasis to important 
parts of each display. Sources such as colored reflector 
and fluorescent lamps, pi ojec tors containing roundels, 
and similar equipment add color, color fringes or 
colored shadows. The value of -painting with light" 
in this manner has been demonstrated to be of vital 

important c liom a decorative viewpoint 

In (halting looms, ihe presence of shadows at the 
edges of triangles and T-scptares causes dilliculty in 
seeing ol important details and results in eye fatigue. 
Since a high percentage of drafting work is done with 
horizontal and vertical lines, experience has indicated 
that it i lu dialling tables arc turned at an angle of 
45° with respect to the rows of units, the shadows 

along the- edges of the T-square and triangles arc- piac- 

ticalb eliminated. 

The same quali^ of lighting can be obtained by 
installing the- units in diagonal rows acioss the room, 
with the tables in conventional position. 

^ Fig 94 Diagram of installation for right-hand view of Fig 92 
The arrows indicate the dominant direction 

Fig 95 (Left) Line shadows may result from having drafting 
tables parallel to semi-direct fluorescent luminaires By aligning 
the tables so that they are at an angle with the luminaires the shadows 
from triangles and T-squares can be lessened considerably. 

Fig 95 (Right) Best drafting practice includes the use of vertical 
boards with drafting machines or counter-balanced straight-edges 
Shadows and reflected glare are minimized or eliminated Better 
posture and more economical space utilization are additional 
advantages. 
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CLARE 

Glare has been defined as "light out of place/' It 
is any brightness within the field of view of such a 

character as to cause discomfort* annoyance, interfer- 
ence with vision, or eve iaiitjuc. (.hue reduces the 
sensitivity of the visual sense, and therefore reduces 
the visibility Of an object or seeing task. Glare is 
distracting and annoying olten to the extent of caus- 
ing extreme discomfort and even pain. 

The principal causes ol glare include: 

1. Light sources ol high brightness. 

2. Lack of adaptation. 

3. Excessive candle-power (volume of light in the 

dire< lion ol the eye, 

4. Location ol exposed light sources near the line 
ol v ision. 

5. High hrighmcss contrasts between the object 
and its surroundings. 

6. Prolonged time of exposure to the glare-source. 

During the period ol industry development when 

the filament lamp was the onl\ source used for gen- 
eral lighting, indirect lighting s\ stems produced the 
least glare. Thev were limited, however, to a maxi- 
mum ol f)() looltandhs; hcuind this, the (riling bright- 
nesses hecame so high that they were sources of 
discomfort-glare. 

Discomfort-Glare Appraisal Systems 

When the Huorcsceni lamp was introduced in 

11I3S, some luminaire designers kit that because flllO- 
rescent lamps were so much less bright than filament 
lamps, complete concealment ol them was not neces- 
sary. However, the large number ol tubes needed to 
obtain required fooitaiulle levels imam that the 
total luminous area m rooms become quite large. 
Actually, fluorescent lamp and luminaire brightnesses 
were ol the same order as while-glass enclosing globes, 

so popular in the days ol 10 to 20 footcandle& In 

offices and schools where poorh -shielded lluoreseent 
luminaires were used, the occupants began to COBOL- 

plain, and the expressions "too much light " or "SOflDC" 
t lung's wrong with lluoreseent lights" were heard. 
However, the real < 1 1 II ic 1 1 1 c \ was discomfort glare. 

The immediate need was to establish the I act that 
luminous ana is important as well as brightness. \ 
method ol rating room-lighting swtems for discomfort 
due to direct glare was introduced in 1945 b\ Ward 
Harrison*. I he method, based on experience and 
data available from past researc lies, evaluated the 
effects of source area and brightness, the nature of 
the surroundings, and the position of the light SOUTCCS 
The numerical "glare factor" expressed the visual 
discomfort caused bv the luminaires in a specific 
interior. 

•"Glare Ratings," Illuminating Engineering, September, 1945; "Fur- 
ther Data on Glare Rating," Ward Harrison tt Phclpi Meaker, 
I.E.. Feb., 1947. 



Thus it was an index of the suitability of the 
lighting system for the grade ol work being done. It 
is computed bv the following empirical equation, 
applied to each luminous source; the answers are 
added to obtain the final factor: 

Source Area x Brightness 3 x Location Coeff. 
Glare factor = , Height Above Eye Level) * x Surround Factor 

Published glare-factor tables of typical installa- 
tions! have proved the usefulness ol the sWem. Thc\ 
have enabled designers to avoid serious mistakes in 
interiors where critical tasks are performed* 

LaboratoiA researc lies which have contributed to 

the accuracy ol the glare-factor equation have been 
published by Drs. M. Luckicsh and s. K.. Guth$. In 

these, observers identified their sensations under cei 
tain \ isual conditions as the Borderline between 
Comfort and Discomfort, called I5(:i). The studies 
established the relationships between brightness, area, 
and position of luminaires, and eve adaptation. 

Fitf. 96 illustrates one of the basic BCD researches. 
All other factors being fixed, observers adjusted the 
brightness of a source until the "glare sensation' 1 was 
at the BCD point. The center point c in Fig. 96, 
where hall ihe observers are visual l\ com lort able, 
corresponds to 1 00' ; BCD brightness b\ definition. 
The curve shows two things: I. the wide variation in 

sensitivity to brightness between individuals, and 2. 

the relat ion between brightness and the percentage 
of visually comfortable persons. It will be noted thai 

at "a" approximate lv 2'', of the observers are visuallv 
Comfortable at a luminaire brightness 1.8 times the 
BCD value. On the other hand, at 'V 95fl find a 
brightness 4095 °f BCD to be visually comfortable. 
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Fig 96 This basic BCD research shows the relation between 
brightness and the probable percentage of observers visually com- 
fortable in the least desirable position in a typical room (see text) 
All factors except luminaire brightness are fixed. 



t "Glare Factors and Their Significance," G. E. Review, August, 1947. 
t "Brightness in Viiual Field ac Borderline Between Comfort and 

Dncomrort (BCD), ' M. Luckieth and S. K. Guth, I.E.. Nov., 1949. 

and "Comfortable Brightness Relationship* for Critical and Catual 

Seeing," I.E., Feb.. 1951; "BCD Brightness Rating, in Lighting 

Practice. ' I.E., April I, 1*52. S. K. Guth. 
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Significant improvement in comiori rating oi a 
lighting system can be made by reducing luminaire 
brightness. Where lamps are exposed to view, a 45% 
reduction in brightness can be had. lor example, b) 
(hanging the luminaire specification Irom one using 
10-watt T-I2 fluorescent lamps (1<)(K) IL) to one using 
10- watt T-17 (IO'jO II.) lamps. Cihanges in shielding 

and density of diffusing glass or plastic are also eficc- 
live in raising the percentage of visually-comfortable 
persons in a room. 

By combining glare factors and BCD findings, 
tables oi Visual Comfort Indexes such as are shown 
below have been developed. These tables express the 
approximate percentage of occupants who would be 



visually comfortable in each room, were they to be 
seated in the least favorable position. This is assumed 
to be at the center ol one end of the room with the 
seated person lacing the opposite end ol the room. 
All persons are assumed to lace in this direction. 

The two tables give results for rooms lighted b\ 
typical luminaires of widely different design. From 

the tables it will be observed that rooms \ar\ wide!) 
in visual discomfort. The longer or larger the room 
the greater the number of luminaires which ma\ 
cause visual discomfort. For example* according to 
the Luminaire B table, a room 20 ft x 20 It. with a 
16-fi. ceiling has a 72% rating. A similar room 100 ft. 
long has a rating of only 17%. 



VISUAL COMFORT INDEX — 50-FOOTCANDLE LIGHTING SYSTEMS 



LUMINAIRE A: A two-lamp 10-watt 1-1- fluorescent luminaire 
having diirusing-glass sides, open top, urid bottom louvers with 
jhioMmg 35 J crossw ise and 25 lengthwise. Luminaires are suspended 
not less than L8 inches from the eeilinp. Koom surfaces: Ceilinjr — 
7.V \\. K.; Walls — 50 r r, A ."0-footcandlc (maintained installation 
usiny this luminaire will he visually cornlortahle to approximately 
the percentage of occupants indicated when in the worst position 
in the room. 



Luminaire A 


Height Above Floor 






84 ft. 


10 ft. 


13 fl. 


16 ft. 


ROOM 
Width 


ROOM 


\ iewing 
I.uiiiinain* 


1 uinm nrc* 


I.uiniooires 


Luminaires 








w in 


Ia-uki U- (>»»• 
wine wiw 


LenjrlH- (>«««• 
wise wiH* 


LMttflft- , 

1 


( r-.v-- 

M ISO 


13 It 


20 
i * * 

M 

M 

llfl 


91% 
93 

M 

93 
93 


91% 

n 

86 
83 
81 


957c 9\% 
95 90 

95 88 
95 86 


97% 977o 
90 96 

9S oi 
95 92 
95 91 


91 % 
ami 

hifjMr 


20 ft. 


20 
30 

16 

60 

B0 
loo 


91% 
93 

93 

9 I 

93 

93 


90% 
;:r, 

85 
HO 
77 
74 


9l7o 9 1% 
91 90 
94 88 
ot B5 
94 in 
91 82 


96% 977o 
95 95 
95 93 
95 91 
95 90 
95 89 


97% 

96 

96 

95 

95 

95 


9:% 

96 
96 
93 
93 
92 


30 ft. 


in 

60 
If 

loo 

150 


92 7« 
91 

91 
91 
91 


82% 
76 
70 
67 
6 I 


93% «<>% 
93 82 
9 1 79 
93 76 
93 70 


91% 927o 
91 119 
91 H7 
91 81 
91 82 


957* 

95 

95 

95 

95 


91% 
92 
90 
90 

87 


40 fu 


M 

60 
80 
10O 
150 


91% 

90 

90 

90 

H9 


80% 

: » 

66 

62 
5fl 


92% 86% 
92 80 
9 J 76 
91 71 
91 66 


91% 9l7o 
93 87 
93 81 
93 83 
93 78 


95% 

91 

91 

91 

91 


91% 

91 

89 

87 
85 


60 ft. 


60 
HO 
100 
ISO 


8H% 
87 
87 
86 


69% 
63 
58 
51 


9<»% 78% 
90 ^2 
89 67 
89 59 


M% 85% 
92 83 
92 79 
91 71 


93% 
93 
91 
93 


90% 
87 
85 
80 



LUMINAIRE B: \ recessed shallow 

two-lump W-wattT- 12) white lluores- 
cent trolTer. hottorn covered with 
dilTusin^ ylass. Hush w il h ceiling. Hoom 
surfaces: Ceiling T.V , H. F.: Walls — 
SO' . \ ^O-footcnndle (maintained) 
installation usinjr this luminaire w ill he 
visually eomfortnhle lo approximately 
I lie percentage of occupants indicated 
when in the worst position in the room 
(see text). The orientation of these 
luminaires flcnfrthw ise vs erossw isc) 
makes no substantial difference in 
cornu »rt . 



ummaire 



B 



Height Above Floor 



ItOOM 


to k>m] 


8« ft. 




13 ft. 


16 ft. 


\\ i<lili 


Lngth 


Lfl ft. 




20 


8% 


19% 


52% 






30 


6 


II 


30 




15 ft. 


10 


• 


9 


— - « 






60 


• 


8 


18 






80 


• 


1 


16 






20 


if 


14% 


47% 


72% 
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7 


23 


45 


20 ft. 


40 
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16 


30 




60 


• 


• 


12 


21 




80 


• 


• 


! 1 


18 




loo 


• 


• 


10 


17 




40 


• 


• 


10% 


20% 
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• 


9 


6 


12 


30 ft. 


80 


• 


• 


• 


10 




10(1 




• 


• 


9 




150 


• 


• 


• 


8 




lu 


• 


• 


87« 


1S7« 




60 


• 




• 


8 


40 ft. 


80 


• 


• 




6 




100 


• 


• 


• 


6 




150 


• 


• 


• 


• 




60 


• 


• 


• 


6% 


60 ft. 


80 


• 


• 


• 


• 


■ ■ 


100 


• 


• 


$ 




• \'r 1. ■ 1 » 1 > flflt OVIT 


5%. 
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These racings and those for similar rooms 40, 60, 
and 80 ft. long are shown in Fig. 97b. Thcv indicate 
that the visual comfort of a person in a large room 
improves as he moves toward the front wall, and in 
Fig. 97a show the relative number of luminaires in 
view. 

A similar examination of the Luminaire A table 
show considerably less variation in the rating ol simi- 
lar rooms-20 ft. x 20 It. and 20 fi. \ ion It. shielding 
of the distant fixtures lessens their contribution to 
visual discomfort. The \ isual-comlort indexes vary 
from 92',' to 97 r J for similar rooms when viewing 
is either lengthwise or crosswise. In other words, with 



lighting systems using Luminaire A, the problems ol 
Satisfying more sensitive persons would be easil\ met. 
There is a significant difference, however, in the rating 
of long, low-ceilihged rooms whether the luminaires 

are viewed lengthwise or crosswise. 

II Mich information is given to an office manage] 
he will be better able to decide on an acceptable 
lighting system. The factors mentioned also form a 
guide to decoration ol walls, ceilings, floors, and 
desks. Sttuh ol the tables give clues to the best way 
to arrange equipment and seating in a manner to 
provide visual comfort to the employees. 



ELEVATION 




Fig. 97. a. This 20 ft. x 100 ft. office is lighted with Luminaire B ; the persons in the back part of the room have more luminaires in view 
than those in the front part. 



I00' 90' 80' 70' 60' 50' 40' 30' 20' I0' 0' 




20' 



PLAN 

Fig. 97. b. In this plan of the room, visual-comfort indexes are plotted at the ooints of corresponding room size, for example, the 20 ft x 
100 ft. room has an index of 1 7' \ , the 20 ft. x 20 ft. room has an index of 72' j 
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PART VIII 

THE DESIGN OF LIGHTING SYSTEMS 



GENERAL LIGHTING -the lumen method 
SUPPLEMENTARY LIGHTING -the point-bt-point method 

SUPPLEMENTARY LIGHTING -the lumens-per-foot method 

FLOODLIGHTING -the beam-lumens method 

STREET LIGHTING -isocandle curves 

NOMOGRAPHS FOR LIGHTING CALCULATIONS 



GO 



t) 

u 

tt 

a 

xa 



I* 

» 



CM 



It is evident from the foregoing studs of the variety 
of materials used in fashioning lighting equipment 
.iicl the range ol control nietbodl (hat a number ol 
probh iih arise when lighting equipment i> used m 
interiors. The eye is a |*>or judge ol l>oth illumina- 
tion and brightness; n%ing a method of design enable * 

the designer to predict remits which solsc mans oi 
these problems. 

Lighting ssstcuis mas he divided into two classes— 
general and supplementary. Tin general svstein sup- 
plies tiniioim illumination in the aru MippUimu 
tarv lighting supplies illumination ol a specific nature, 
color oi disii ihuiion. usual I \ to satislv a local, ipccifil 
i c c| tit lenient. Supplemental s sssieins augm in th< 
general lighting ssstcui, olten supplsing hundred* ol 
footcamlhs lot ce nam tasks, m.ie limes, or displays 

Oihei term for combinations of these- are olien 
used. I.nt nlttrd ^rttnnl lighting, lor example , is a 
system designed so that rows ol work lunches ma 
chines oi sales counters receive emphasis b) spacing 
the general luminains with rupeel to ihein 

The design of i>enerai lighting lystems is goserued 
hv room dimensions, sirtu I lira I leat ures. irllei lion 
(haiai leiistits ol walls and (t ilings, mounting height 
of the luminou s, and the distribution and mamt* 
nam r e ha km lens tits ol the- I mm it. me I Ik e hoii e of 
the himinaire depends on the service to which ll ll ID 
he put. This assumes a certain experience in Kite 
tion. or other aids mm h as manulac inters' elata I In ■ 
assist the d< signet in making a se lection appiopiiate 
from t he st au<l|H lints ol Im e|e»m lioni glaie. < flu n im \, 

decorative value. and economs Phc ultimate "bright 

nes> pattern" ol the room is an important lac tor in 

the ele Mgn. 

The beginning concept ol general lighting design 
is that ol delivering a s[>eeihed asei age looie am lie 
le vel "I illumination to a hori/oiual plane in a khmh 
I he light generated bs the lamps m sue h a ssstem is 

variemsb affected ami considerable reduced hv reffa 

tion. eli lliisnm a in I absoi ption as n impinges on n 1 1 « « - 
mis and tiansnntiing media ifl the luminain s anel on 
ceilings, vails. Bom, ami on the- eihjectl in the IttQA 
I he ReMMii Index method ol general lighting design 
takes into account tnanv of these variables in deter- 
mining the ultimate average lighting le ve l 

THE LUMEN METHOD OF LIGHTING DESIGN 

\hcitil hhv seais ago it Ixtamc csidint that a 
method of design Lister than the picsaltnt |wnnt hs- 
| mini t « all u la i ions, ami including the rffn boj mtcrrc- 
lleclion. v\as needed lor more rapid * l« si lopimni ol 
go<nl lighting. 



hi 



GENERAL LIGHTING 

THE LUMEN METHOD 



The idea of the lumen method was projiovnl ami 
studied, hut no data came into general use* until Har- 
rison and Vnderson presented table s ol m< Mined 
utilization data in h»20* with their I hire ( uivc 
Method ol cah ulaiiou. and the u Room Ratio Svstein 
I hese prov nled a leads procc'diuc lor cah ulaimg 
tables ol utilization coefficients Itom photonic n it tlaia 
—and these cnrthcicnis weic easv to um in lighting 

eli sign 

Recent l\, hov\e se r. dc-sc lopmc uts in lamps, luuii- 
naires. and lighting practices have indicated a need 
for furthei studies ( ohm epic litis . e xte nsive me asure- 
ments have- In c h maele hv Potter and Russell in < xjm ti- 
me ntal rooms such as shown in Kig MM I he rooms 
were vers lie xible tin s could Im- as large as Mi fee t 
scpiate. the- telling heights i oil Id be sailed tip to hi 
feet; saiious lavoiits o| actual luuunaiies weie tc adds 
maele, ami mom suihucs could Im varied over a wide 
range of reflectance. Mechanized ecpiipmeiii was used 
Im recording measure uienis I In icsults obtained m 
these T'hhiis hav e In e n t fine late el u uh zonal ami inter- 
flection data derive el maihc tuatn alls 

I he basit npiation ei| the lumen Method gives 
the total gene lated hunt lis i t epiiieel to pontine e a 








Ft«] 98. Thu test room 'or determining coe'noenti of utilitetio* 
jnd other d*U He» s movtbfe ceilmf, mo*«bi« well*. «nd mech- 
anised Uol'tiet lor m«ttn«j m« 4 % ur «m«nH 

• W Vln.urrJ LuluMmn I II. It, V , ■ Iflf. 



selected average illumination on the work-plane or 
other plane of reference: 

Required Total Lamp Lumens = 

in which; 

Fc— the average illumination on the work- 
plane in footcandles or lumens per square 

foot. 

Area— the area of the room— (work-plane) —in 
square feet 
CU— the Coefficient of Utilization 
MF— the Maintenance Factor 

Obviously, the niimeraior is the i'»tal lumens which 
reach the work-plane dirccth from the luminaires and 
from room surfaces b\ interrcHcction. It takes into 
account lh< desired illumination and the actual size 
of the room. 

In the denominator appear two factors which 
allow for several important variables which affect the 
performance of the lighting system. For clarity they 
may he grouped under two headings as follows: 

A. LUMINAJRE CHARACTERISTICS i 

Distribution: (Shajir ol candle-power curve) 
Efficiency (Fraction ol lamp lumens emitted) 
Number and Location (with room proportions 
as a I.k (or) 

Maintenance 1 1' Meet ol dirt or corrosion on dis- 
1 1 ihut ion and i flic ienc\ ) 

It. ROOM t HARACTERISTICS: 
Proportions 

Refleetanee of interior surfaces and furnishings 
Maintenance (Effect ol din collection on reflect- 

JIM ( ) 

\. LUBONAIRE < II \H \< I I KKI It S 

A frcepicntly-used classification ol luminaires hv 

Distribution follows a tough division ol output into 
downward (0°-90° lumens) and upward (90° -180°) 
lumens as follows: 



% DoHtiMBrd 

Indirect o-io 

S< tiii Indirect 10-10 

General Diffusing 40-60 

Semi-Direct 60-90 

Direct 90-100 



% I'pwrd 

90 - l oo 

60 - 90 
40 - 60 
10-40 
0- 10 



This table is not of assistance in the lumen method, 
howtwi. because it contains no detailed inlormation 
on distribution and nunc on efficiency of the luini- 
naiie. Downward light reaches the- work plane with 
fewer lowcs than upward light; the latter must all be 
iillc cted b] room sui laces Ik lore anv of it is effective 
on the work plane, liut the amount ol downward 



light reaching the work plane may be affected by its 
type ol distribution. Obvioush a wide -W dis- 
tribution will cause more light to strike the walls than 
will a narrower or more concentrated downward dis- 
tribution, and will occasion greater losses by reflec- 
tion. Moreover, the performance of the various 
distributions ma) differ with the patients of lumi- 
naires in rooms of different proportions. But analysis 
of the candlepower distribution curve is rcadih per- 
forated b) detailed /onal calculations or hv a simpler 
procedure using Flux Ratio (an index of concentra- 
tion) as described below. 

The second variable is Efficiency, foi two lumi- 
naires ma) have similar distributions, but differ in 

the fraction of lamp lumens emitted, oi vice versa. 
Where necessary it is convenient for calculation to 
divide this into Upward and Downward Efficiencies. 

Next, thi Number and Location varj from indi- 
vidual spaced luminaires through continuous line pat- 
terns and close Iv-spaccd high-mounted units to the 
extreme of a wall-to-wall louver or panel ceiling. 
These la\out patterns are icadilv described b\ the 
ratio of spacing-to-inounting height— from 1.5 or 1.0 
through 0.4 for many direct units and to <).<) lor lumi- 
nous ceilings. Ibis Spacing-Mounting Height variable 
causes differing losses due to light absorbed b\ walls 
li.r the same luininaiie in dillerent conditions. 

The relationship ol spacing to height in conjunc- 
tion with tlu- eandlepowei distribution ol the liuni* 

naire also aliens tlx uniformity of illumination on 

the work-plane. In man) interiors essentially uniform 

illumination over the entire work-plane is needed: in 
others planned variation ma) be desirable. The higtiei 

the degree ol Uniform it v . the more significant is the 
average footcandlc value as predicted b\ the Lumen 
Method. Fig. '''» illustrates the effect ol too-large 

luminaire spacing and the Improved effect "i porrect 

spacing. Table 7 presents an empirical guide to maxi- 
mum spacing lor certain types ol luminaires and sug- 
gested distances Cor the suspension ol indirect and 

H nii-imliice t luminaires. In the latter cases tlx ion 
trolling factors are the brightness distribution ol the 
(tiling and general appearance ol the installation. It 
should be noted also that e ven with unilotinh blight 

surface sources such as reflecting or translucent dif- 
fusing ceilings, the work -plane illumination is sub 
statu iall\ lecluced near the walls. 

Although the spacing of luininaiie s is based on 
their mounting height above the wniU plam. their 

height above the Boor is used lor convenience in 
Table 7. W ith man la ii Is wide- distributions, reason- 
abll uniform illumination lesults when the lano of 
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Fig. 99. Too wide spacing produces non-uniform illumination wilh low spots between luminaires. Correct 
spacins eliminates such relatively dark areas, makes the whole area visually suitable as work or display space. 



TABLE 7 SPACING-MOUNTING HEIGHT OF LUMINAIRES 

(All dimensions in feet) 



3 



Mounting 
Height of 
Luminaires 
(above floor) 
except for 
Indirect and 
Semi-Indirect 
Luminaires, use 
Ceiling Height 
(above floor) 



8 



10 



11 



12 



13 



14 



15 



16 



18 



20 or more 



Suspension 
Distance 



For 
Indirect 
and 
Semi- 
Indirect 
Luminaires 



1-3 



1.5-3 



2-3 



MAXIMUM* SPACING DISTANCE BETWEEN LUMINAIRES 







Indirect 



Semi- 
Indirect 




General 
Diffusing 




Semi- 
Direct 



Direct 




Semi- 
Concen 
trating 
Direct 




\ 



Concen 
trating 
Direct 



9.5 



10.5 



12 



2-3 



1 3 



2.5-4 



3-4 



3-4 



3-4 



14.5 



15.5 



17 



18 



4-5 



19 



4-5 



4-6 



22 



24 



9 5 



10.5 



12 



1 3 



14.5 



15.5 



17 



18 



19 



22 



24 



8 


7 


7 


6.5 


5 


9 


8 


8 


7 


5.5 


10 


9 


9 


8 


6 


11 


10 


10 


9 


6.5 


12 


11 


11 


9.5 


7 


13 


12 


12 


10.5 


8 


14 


12.5 


12.5 


11 


8 5 


15 


13.5 


13.5 


12 


9 


16 


14.5 


14.5 


13 


9.5 


18 


16 


16 


14.5 


11 


20 


18 


18 


16 


12 



Distance 
from 
Walls 

All 
Types of 
Luminaires 



1 3 Spacing 
Distance if 
desks Or 
work benches 
are against 
walls, other- 



wise 14* 



*The actual spacing is usually less than these maximum distances to suit bay or room dimensions or to provide adequate illumination At 
an established mounting height, it is often necessary to reduce the spacing between luminaires or rows of them to provide specified footcandles 
fn such systems and particularly in small rooms, the utilization is reduced because the luminaires are closer to the walls. For example, in an 
80-30-1 room with a room ratio of 6 and a flux ratio of 0.7, the utilization factor is .79 where the spacing-mounting height ratio is 1 (lumi- 
naires as far apart as they are above the work-plane) With the same room conditions but with luminaires spaced .4 as far apart as they are 
above the work-plane, the utilization factor is only .65. 



spacing to mounting heigh i above llooi docs not 
exceed 1.0, but more concentrated distributions re- 
quire a lower ratio. 

The spacing-mounting height relation applies not 
these cases onl\ maximum spacing between rows 
naires or extended luminous elements as well. In 
these cases only maximum spacing between rows 
would be determined from the table. 



Maintenance of a luminaire combines the effects 

of the gradual lowering of lamp output during its 
life and the losses due to depreciation ol the Luminaire 
output under different conditions of atmospheric 
din, etc. The Maintenance Factor compensates for 

the reduced illumination in service by providing the 
necessar) extra illumination when the installation 
is new. 
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B. ROOM CHARACTERISTICS 

The Proportions of rooms effect the utilization 
of light— large low-ceiling rooms arc favorable; higher, 
narrower ones are Jess effective. A ROOM RATIO 1^ 
used as the measure of room proportion with respect 
to utilization of light; it also describes rectangular 
rooms in terms of the equivalent square room on 
which utilization tables arc based. The side of the 
equivalent square room equals the harmonic mean 
of width and length of the oblong room. The equa- 
tion is: 



ROOM RATIO* = 
in which: 



W X I. 



H (W +■ L) 



W — room width; 
L = room length; 

H = vertical distance from work -plane to the 

light-center of luminaires or to the ceiling. 
(All distances arc in feet) 

This reduces to 

ROOM RATIO = ^ for square rooms, 

whi< h is ilu- familiar general I v-used "Direct Light- 
ing" [orm originated In Harrison and Anderson. Ii 
will he noted thai it is based upon the relationship of 
the principal sources of light (luminaires or ceiling) 
to the WOrk-plane, not upon overall room height. The 
equation above has been used generally only for 
downward light I Rcf. I.E.S. Handbook), but in this 
publication it is emploved for systems with "indirect" 
as well as "direct" components. 
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As seen in the sketch, the height "H" depends 
upon the i\pc of lighting system; with suspended di- 
rect luminaires H, is used. I bis is measured from the 
Light Center of the unit to the woik plane. Kor flush- 
mounted systems such as trollers. recessed downlights. 
and luminous (tilings H t is used. This is measured 
from tin ceiling to the woik-plane. In totalh indirect 
systems! the (tiling is the principal light source so 
II, is used lu re also. Room Ratios for a limited range 
ol room si/is are given in Table 8, page 70. 

• Tim jUo Ins been termed Room Index with letter* to represent the 
following numerical room ratio* in Table 8; 0.6-J; 0.8-1; I'll 
1.25-C; l.f-Fj 2.0-E; 2.J-D; J.O-C; 4.0-B; 5.0-A 



The Reflectances of room hounclan surfaces (ceil- 
ing, walls, floor, etc.) arc important factors in the 
overall utilization of a lighting system as well as in 
the quality or comfort aspects of the installation. The 
higher values are usually preferred where severe and 
continued visual tasks are prevalent Often, however, 
lower reflectances for certain surfaces or rooms may 
be desired in a specific decorative scheme. Moreover, 
data for low as well as high reflectances facilitate com- 
parative analyses. Utilization data are given in Table 
9 lot various combinations of ceiling, wall and floor 
reflectances and thus allow interpolation. Reflectances 
represent averages (for example, for walls the reflect- 
ances of windows, doors and woodwork are included). 

Room surfaces may change in reflectance due to 

accumulations of dirt or to discoloration over a period 
of lime. This affects the average illumination in serv- 
ice and is allowed lor in the Maintenance Factor 
applicable to the installation. 

UTILIZATION FACTOR AND COEFFICIENT 
OF UTILIZATION 

The effects of all the above mentioned variables 
except Effuirncv and Maintenance arc combined in 
the UTILIZATION FACTOR. I bis represents the 
fraction ol the luminaire light output which readies 
the work-plane. 

I I II l/\no\ Fc X Ar ea t,.f work-plane I 

FAC rOR (UFJ Total Luminaire OuTput inLumens 

I his bask lac tot is j»i\cn 1)\ t harts such as Figs. 102 
and 103. 

When utilization data arc- tabulated for a specific 
Iuminairc. however, it is easier to use- Coefficient ol 
Utilization which also includes tin luminaire effi- 
ciency. The COEFFICIENT OF UTILIZATION 
represents the fraction ol lamp output which reaches 
i tie work-plane. 

COEFFICIENT OF _ Fc X Ana (of work-plane) 
I riUZATION .CI . T..t«U flm , Output i„|. ume „7 

Or CU = UFx Efficient ol Luminaire. 

The Coefficient of Utilization lor a lighting system 

measurement, cah illation, or 
botk At present it is calculated lor each of two com- 
ponents ol luminaire output (downward and upward); 

then the two coefficients are added to give the overall 
CoeflH k ni of Utilization. 

( <><■ f]i< ifnt of I ttUaation — 

Ihnvmvanl (l)irvcl) Components 

Light directed strongK downward reaches the 
work-plane directly; Ughi at wider angles strikes the 

walls and is partly absorbed; i lie amount ol ahsorp- 

tion depends upon the size of the room and the reflect 

ante of the- Avails. 

From the candlejjowc r distribution < UrvC oJ a lumi- 
naire. the lumens in cadi III /one from 0° to 90' 
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can be calculated. In general, however, it is only 
those in the 0°-60° zone which substantially con- 
tribute direct lumens toward the work-plane. By ap- 
plying a weighting factor to each of these six 10° /ones 
one can estimate the relative effectiveness of all the 
lumens. The muhiphing lactors* used for each /one 
arc as follows: 



Zone 

0-10 degrees 

1 - 20 degrees 

20-30 degrees 

SO - 40 degrees 
10 - 50 degrees 

50 - 60 decrees 



Multiply ing Factor 



1.00 
.83 
.65 

.50 
.33 
.16 



These factors have been 
found cflc< ti\e in ap- 

^ praising a flux distribu- 
tion with respect to 

utilization under a va- 
i icl\ ( »l condiii< uis. 



r 



A summation of the effei live zonal lumens divided 
by the O-SO lumens is called Flux Ratio** which is 
expressed as Follows: 

ri n . a + .83b + .65c + _50<l + .33e + .16f 

Mux Uatin = — « — 

l.unvn* in U l A) zone 

where a is the 0° - 10° /one lumens; b = 10° -20°; 
c = 20° -30°; d = 30° -40°; e = 40° -50°; and 
f = 50° -60° zone lumens. Flux Ratio values arc 

used as the abscissae in typical pre-calculatcd charts 
of Utilization Factors such as Figs. 102 and 103. 




TYPICAL 
LUMINAIRE 



TEST SUMMARY 


ZONE 


ZONE 
LUMENS 


' ; TOTAL 
LAMP 


0-10 


121 




10-20 
20-30 


351 
580 




30-40 


681 




40-50 


737 




50-60 


688 




0-90 
90-180 


4000 


80 








0-180 


4000 


80 




TOTAL L \MP LUMENS — 5000 



Fig. 100. Candlepower 
distribution curve (or a 
typical two 40-wdttT-12 
fluorescent industrial 



umtnaire. 



The test data for a typical luminaire which dis- 
tributes all of its light downward is shown in Fig. 100. 
Suppose a system of these luminaires is suspended 18 
inches below the ceiling and properly spaced to illu- 
minate a room uniformly. Assume the room is 30' by 
35' with a 12' ceiling and with 80% ceiling, 50% 
walls, and a 10% floor. The height H, is equal to 8 
feet (above a 2\/ 2 ft. work-plane). Then 

* Sec Measured Utilization Factor! II, "Illuminating Engineering" 
April, 1955 

** Utilization valucv determined by use ot this Flux Ratio, may in 
extreme cases, depart from ihe true value by a lew per cent. 



a. Direct Room Ratio = - WxL = 30 x 35 - 2.0 

II (W + L) 8X65 

b* To determine the direct coefficient of utiliza- 
tion, first calculate the Flux Ratio (for /one 
lumens, see data. Fig, 100), which is equal to 

121 (.83x351) + (.65x5801 + (.50x681) + 
j .33x737) + 1.16x688) — .37 

4000 

From Fig. 102a for suspended luminaires, fora flux 
ratio of 0.37 and a Room Ratio of 2.0, in an 80-50-10 
room (SO' ; ceiling, 50% walls, and K)', floor), we 

find a utilization factor of .817. Figs. 102b and 102c 
show .75 and .695 utilization factors when the rooms 
are 80-30-10 and 80-10-10, respectively. 

The se utilization fat tors multiplied In the effi- 
ciency of the luminaire (.80) give the overall coeffi- 
cients of utilization. Siunmai 'i/ing - 

For the 80-50-10 room, G.U. = .817 X .80 = .65 
For the 80-30-10 mora, C.U. = .75 X 80 = .60 
For the 80-10-10 room, CXI = .695 X .80 = 56 

These three values will be found in the SO'; ceiling 
column in Table 9, page 71, for the direel luminaire 
having an efficiency of .80 and for a Room Ratio ol L\0. 



Upward ( Indirect ) Com ponenls 

The upward light which reaches the work-plane 
from Luminaires, is reflected from the ceiling and 
upper walls, and of course, by inter re flection from all 
the room surfaces. Of these, the ceiling is the most 
important because it receives more of the lighl directly 
and because it acts as a luminous source with respect 
to the work-plane. 

Accordingly, rooms with high-reflectance ceilings 
are more efficient. Utilization is also affected l>\ two 
other factors. If the ceiling were uniformly bright, one 
square loot near a wall would reflect as main lumens 
as anv other. Calculated values ol utilization are use- 
fill for this assumed condition. However, more re- 
flected lumens would be intercepted In the walls and 
I ewer would reach the work-plane than would be 
obtained from typical wide-distribution indirect lumi- 
naires. W hen such indirect luminaires are used, the 

higher-brightness ceiling areas somewhat removed 
from the walls result in higher room utilization. 

The oilier factor— the trapping of ceiling-reflected 
lighi by the luminaires themselves— operates to reduce 
utilization. The reduction is greatest with extensive 
Huoresi ent systems which are rclat i\ el\ opaque to 
cciling-reflei ted light. This is cspecialK true with 
short suspension distances. For evaluating these- ellectS, 
measurements are preferred and have been made for 
various rooms, reflectances, and suspension distances. 
The utilization data ol Figs. 105a and 1 05b are derived 

horn measured data.* 



Downward and Upward Components Combined 

When the luminaiies used in the lighting system 
have both upward and downward components, it is 
necessan to calculate two room ratios and two cor- 
responding coefficients ot utilization. 
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0-10 



10-20 



20-30 



30-40 
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50-60 



0-90 



90-180 



0-1 60 



ZONE 
LUMENS 



15 



25 



33 



41 



44 



265 



4505 



4770 



% TOTAL 
LAMPS 



85 



90 



Fig. 101 . Cancllepower distri- 
bution curve for a typical indirect 
luminairc using a 300-watt silver 
bowl filament lamp. 



TOTAL LAMP LUMENS — 5300 



For example, assume a luminous indirect filament 
luminaire (Fig. KOI) with 8.V; of the lumens directed 

upward and 5% downward. Suppose such luminaires 
are suspended 24" horn the ceiling and properly 
spaced to illuminate a room 30' x 30' with a I2b£ ft. 
ceiling. Assume room finishes of 80-50-10. Then with 
H, equal to 8 ft. (above a 2\/ 2 ft. work-plane). 



«. Direct Room Ratio = 



_ w x L 



30 X 30 



II < W - L j 



= 1.9 



8X60 

fc. To find the direct coefficient of utilization, cal- 
culate the flux ratio from the data in Fig, 101: 



Flux Ratio = 



5 + (-83x15) + (.65x25) + < .50*33 1 + 
(.33x41) + (.16x44* 



= .27 



From Fig. 102a with a flux ratio of .27 and a room 
ratio of 1.9, the utilization factor is .73 for an 80-50-10 
room. From Figs. 102b and 102c. we find .03 and .;>f> 
as the utilization lattors for 80-30-10 and so-10-10 

rooms, respectively. These la«t<us multiplied b\ the 

per tent downward lumens (Downward Efficiency 5%) 

give the direct ( m tiicienti ol utilization: 

For Ihc 80-50 10 room, the Direct GIL is .73 X .05 s M 
For the 80 30-10 room, the Direct CU. U -63 X -05 = .03 
For the 80-10-10 room, the Direct CI. is .56 X 05 = M 



ii 



10 



9 



8 



cr 07 

9 
u 

3 06 

2 

O 

^05 



0.4 



03 




2 



0.1 




DIRECT UTILIZATION FACTORS 
Suspended 
S/MHwp-0.4 
Reflectances 80-50-10 



OJ 



0-4 0.5 0.6 
FLUX RATIO 



0-6 0.9 



Fig. 102 a 




0.2 03 



04 0.5 Ob 
FLUX RATO 



0.7 



c e c 9 



F13. 103 « 



(if) 



i SUSPENDED LUMINAIRES ► 




RtCT UTLlZATlON FACTORS 

WHwp- 
frtct«octv 60 30 K) 



tint 



LI 



03 



Q4 <j*> ,f> 
FLUX RATIO 



a; 



01 02 
10? b 

4 CEILING (Flush Mounted) LUMINAIRES ► 



oe 09 




aj ■ 



» 04 

jrxt* 80-10 *0 



O, OJ 
101b 




02 03 C4 0% 

»LUi MATO 



II or oe oe 



I0?c 




eo- <ho 



Oit 



4 



oV : "i* ' ' 'i 



10 J c 



c. 



Indirect Coefficient of Utilization 
To find the indirect coefficient of utilization, 
first calculate the indirect room ratio, using 
H t . = 10 feet (above a 2\/ 2 ft. -work-plane). 

30 X 30 



Indirect Room Ratio = 



= 1.5 



10 X60 

Then in Fig. 105b for a room ratio of 1.5 and an 
80-50-10 room, the indirect titili/ation factor is .53. 
For an 80-30-10 room, the indirect U.F. is .47: for 
an 80-10-10 room, ii is .41. These utilization factors 
multiplied In the per cent upward lumens (Upward 
Efficiency 85%) give the indirect coefficients of utili- 
zation. 

For the 80 50 10 room, the indirect C.U. is .53 X .85 = .45 
For the 80 30 10 room, the indireci C.LI, is .47 X .85 = .40 
For the 80-10-10 room, the indirect C.U. is .41 X .85 = .35 

d. Overall Coefficients of Utilization 

The overall coefficients of the utilization are 
the sum of the direct and indirect values. 



Sumnuiri/ing, 

For the 80 50-10 room. 
For tli,- 80 30 10 ro..m. 
For the 80 JO 10 room. 



Direct Indirect (Kerall 

c.u. C.l . C.l . 

■04 + .45 = .49 

.03 + .40 = .43 

03 + .35 = .38 



In tabulating C.r-IIh icnts of Utilization such as 
these which have been computed by use of two differ- 
ent room ratios, the following rule applies: 

W hen the downward light from the luminaire is 
10',' or more <>l its output, the direct component has 
the greater effect ami therefore the direct room ratio 
only is used in tabulating the overall coefficients of 
utilization. When the downward light is less than 10' ; 
of the luminaire output, the indirect component is 
more important and the indirect room ratio is applic- 
able. 1 ' 

e. Since the luminaire in the example directs 
more than fit)' , of its light upward, the indi- 
rect room ratio of 1.5 is used in Table 9, page 
71. The above three values will be found in 
the 80', ceiling column for the luminous indi- 
rect luminaire. 
A similar computation may be made for a general 
diffusing luminaire iIi K . 101). Assuiih a room .'.d' \ 
35' with a II' 9" ceiling with luminaires ItlSpendcd 
15". then with II, = 8', 



a. Direct Room Ratio = V * L 

BCW + L) ~ 

b. Fiom the data of Fig. 101. the 



30X35 
8X65 



= 2.0 



82 ^I.83xl93» 4- t.65*321» 4- 1.50*408) + 
Flux llano = «.33k374i + 1. 16*280 » 4 i 

~~ 2000 ' 

From Fig. 102a lor a flux ratio of .41 Room 
Ratio of 2.0 and an 80-50-10 room, we End a 
utilization factor of .84. For the 80-30-10 room, 
it i> 7*. and lor the 80-10-10 room, it is .71 
Multiplying these values by the .40 downward 
lumen value. 
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Fig. 104. Candlepowcr distribution curve for typical general dif- 
fusing lum.naife for two 40-watt T-12 fluorescent lamps. 

For the 80-50-10 room, the direct C.U. is .84 X .40 = .34 
For the 80-30 10 room, the direct C.U. is .78 X 40 = .31 
For the 80 10 10 room, tin- direct C.U. is .73 X .40 = 29 

c. The Indirect Room Ratio, with an H value 

of 9.25 is: 

Indirect Room Ratio = 30 X 35 _ = I 7 

9.25 X 65 ' 

tl. JndiKd Corihciciii* of Utilization 

From Fif». 1 05a with a Room Ran.) <>l 1.7. an 
80-50-10 room shows a utilization factor of .48. 
For an 8O-3O-10 room, it is . |.J | ,„ a „ 80-|()_|n 

room, it is .38. 1 h, sc factors multiplied bj the 

|«i <<ni upward humus (40;$) gives the indi- 
rect coefik icnts oi utilization; 

For the 80 .">() 10 room, the indirect CI . i» .46 X .40 = 19 
For the 80 30 10 room, the indirect C.U. is .43 X .40 = J7 
For die 80 10 10 room, the indirect C.U. is .38 X .40 = .15 

e. The overall coefficients of utilization ate the 
nuni oi the direct ami indirect: 



Summitri/inic. 

For the 80 50 10 room. 
For the 80 30 10 room. 
For the 80 10 10 room. 



Direct 

C.U. 
.31 
Jl 
29 



+ 
+ 
+ 



Indirect 
i I . 

.19 

.17 

.15 



tNer.ll 

cu. 

= .53 
= A8 
= .41 



since this luminaire directs 50% of its Ikfe 
output downward, the direct loom ratio of 2 
ii used in Table V. I he three value* are in the 
80% ceiling column. 
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Fig. 105a 
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Fig 105b 



ROOM RATIO 



The Utilization Factor for the indirect component of a lighting 
system can be obtained from sets of curves such at these The three 
numbers on each curve represent the reflectances of C«ilin9 # walls, 
floor. 
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TABLE 8 — ROOM RATIOS* 



ROOM 



W 
ft. 



L 

ft. 



& 



Height of Light Source" above Floor (feet) (H+2U') 



10 



11 



12 



13 



15 



17 



19 



23 



27 



33 



43 



53 



63 



6 



10 



12 



14 



16 



18 



20 



25 



30 



35 



40 



50 



60 



80 



LOO 



120 



10 
14 
18 
24 
30 
40 
50 



10 

1.1 
1.2 
1.3 
1.4 
1.5 
1.5 



0.8 
0.9 
1.0 
1.1 
1.2 
1.2 
1.3 



7 

0.8 
0.9 
0.9 
1.0 
1.0 

1.1 



0,6 
0.7 
0.7 
0.8 
0.8 
0.9 
0.9 



0.5 
0,6 
0.7 
0.7 
0.7 
0.8 
0.8 



0.5 
0.6 
0.6 
0.7 
0.7 
0.7 



0.5 
0.6 
0.6 
0.6 
0.7 



0.5 

0.5 
0.5 
0.6 



0.5 



10 
14 
18 
24 
30 
40 
60 



1 1 

1.3 
1.4 
1.6 
1.7 
1.8 
1.9 



0.9 
i.l 
1.2 
1.3 
1.4 
1.5 
1.6 



0.8 
0.9 
1.0 
1.1 
1.2 
1.2 
1.3 



0.7 
0.8 
0.9 

0. 9 
1.0 
1.1 

1. 1 



6 
7 
8 
0.8 
0.9 
0.9 
1.0 



5 

0.6 
0.7 
0.7 
0.8 
0.8 
0.9 



0.6 
0.6 
0.7 
0.7 
0.8 
0.8 



0.5 
0.5 
0.6 
0.6 
0.6 
0.7 



0.5 
0.5 
06 
0.6 



Room Ratio = 



W X L 
H (W + L) 



Ratio for intermediate di- 
mensions mav l>e calculated 



0.5 
0.5 



12 
16 
20 
30 
50 
70 
100 



1.3 
15 
17 

1.9 
2.1 
2.3 
2.4 



1.1 
1.2 
1.4 
1.6 
1.8 
1.9 
1.9 



0.9 
1.1 
1.2 
1.3 
1.5 
1.6 
1.6 



0.8 
0.9 
1.0 
1.1 
1.3 
1.4 
1.4 



0.7 
0.8 
0.9 
1.0 
L. 1 
1.2 
1.3 



0.6 

7 
0.8 
0.9 

1 
1.1 
1.1 



06 
0.7 
0.7 
0.8 
0.9 
10 
1.0 



0.5 
0.5 
0.6 
0.7 
0.8 
0.8 
09 



0.5 
0.6 
0.7 
0.7 
0.7 



0.5 
0.6 
0.6 

0.7 



0.5 
0.5 
0.5 



14 
20 
30 
40 
60 
80 
100 



16 
18 

2.1 
2.3 
2.5 
2.6 
2.7 



1.3 
1.5 
1.7 
1.9 
2.1 
2.2 
2.2 



1.1 
1.3 
1.5 
1.6 
1.8 
1.8 
1.9 



0.9 
1.1 
1.3 
1.4 
1.5 
1.6 
1.6 



0.8 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 



0.7 
0.9 
1 
1.1 
1 2 
1.2 
13 



07 
0.8 

0.9 
1.0 
1.1 
1.1 

1.2 



0.6 
0.7 
0.8 
0.8 
0.9 
1.0 
1.0 



0.5 
0.6 
0.7 
0.7 
0.8 
0.8 
8 



0.5 
0.6 
0.6 
0.7 
0.7 
0.8 



0.5 

0.5 
0.6 
0.6 
0.6 



C.5 
0.5 
0.5 



16 
20 
30 
40 
60 
80 
100 



1.8 

2.0 
2.3 
2.5 
2.8 
3.0 
3.1 



1.5 
1.6 
1.9 
2.1 
2.3 
2.4 
2.5 



1.2 
1.4 
1.6 
1.8 
1.9 
2.0 
2.1 



1.1 
1.2 
1.4 
l.S 
1.7 
1.8 
1.8 



0.9 
1.0 
1.2 
1.3 
1.5 
1.6 
16 



8 

0.9 
LI 
1.2 
1.3 
1.4 
1.4 



0.8 
0.8 
1.0 
1.1 
1.2 
1.3 
1.3 



0.6 
7 
0.8 
0.9 
1.0 
1.1 
1.1 



0.6 
0.6 
0.7 
0.8 
0.9 
0.9 
1.0 



0.5 
0.5 
0.6 
0.7 
0.8 
0.8 
0.8 



0.5 
0.6 
0.6 
0.7 
0.7 



0.5 
0.5 
O.S 
0.6 



20 
30 
40 
60 
80 
100 
120 



2.1 
2.5 

2 8 
3.1 

3 3 
3 4 
3 5 



1.7 

2.0 
2.3 
2.5 
2.7 
2 8 
2.9 



1.5 

1.7 
1.9 
2.1 
2.3 
2.4 
2.4 



1.3 
1.5 
1.6 
1.8 
2.0 
2.0 
2.1 



1.1 
1.3 
1.5 
1.6 
1.7 
1.8 
1.9 



1.0 
1.2 
1.3 
1.4 
1.5 
1.6 
1.6 



0.9 
1.1 
1.2 
1.3 
1.4 
15 
1.5 



0.8 

0.9 

1.0 

1.1 

1.2 

1.2 

1.3 



07 
0.8 
0.9 
1.0 
1.0 
1.1 
1.1 



0.6 
0.7 
0.8 
0.8 
0.9 
0.9 
1 



0.5 
0.5 
0.6 
0.7 
0.7 
7 
0$ 



0.5 
0.6 
0.6 
0.6 
0.6 



0.5 
0.5 
0.5 
0.5 



20 
30 
40 
60 
80 
100 
120 



2 2 
2.7 

3 
3.3 
3.6 
3.7 
3 8 



1.8 
2.2 
2.4 
2.7 
2.9 
3.0 
3.1 



1.5 
1.8 
2.0 
2.3 
2.5 
2.6 
2.6 



1.3 
1.6 
1.8 
2.0 
2.1 
2.2 
2.3 



1.2 
1.4 
1.6 
1.8 
1.9 
2.0 
2.0 



1.0 
1.3 
1.4 
1.6 
1.7 
1.8 
18 



1.0 
1.1 
1.3 
1.4 
1.5 
1.6 
1.6 



0.8 
1.0 
1.1 
1.2 
1.3 
1.3 
1.4 



0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.2 



6 
7 
8 

0.9 
1.0 
1.0 
1.0 



0.5 
0.6 
0.7 
0.7 
0.8 
0.8 
08 



0.5 
0.5 
0.5 
0.7 
0.7 
0.7 



5 
0.5 
0.6 
0.6 



30 
40 
60 
80 
100 
120 
140 



3.0 
3 4 
3 9 
4.2 
4.4 
4.6 
4.7 



2.5 
2.8 
3.2 
3.5 
3.6 
3.8 
3.9 



2. 1 

2.4 

2.7 

2.9 

3.1 

3.2 

3.3 



1.8 
2.1 
2.4 
2.5 
2.7 
2.8 
2 8 



1.6 

1.8 

2.1 

2.2 

2.4 

2.4 

2.5 



1.4 

1.6 

1.9 

2.0 

2.1 

2.2 

2.2 



1.3 
15 
1.7 
1.8 
1.9 
2.0 
2.0 



1.1 
1.2 
1.4 
1 5 

1.6 
1.7 

1.7 



0.9 

1.1 
1.2 
1.3 
1.4 
1.4 
15 



0.8 
0.9 

1.1 
1.2 
1.2 
1.3 
1 3 



0.7 
8 
0.9 
0.9 
1.0 
1.0 
1.0 



6 
0.6 
0.7 
0.8 
0.8 
8 
0.9 



0.5 
0.6 
0.6 
0.7 
7 
0.7 



30 
40 
60 
80 
100 
120 

140 



3.3 
3.8 

4 4 

4 8 

5.1 

5 3 
S.5 



2.7 
3.1 

3 6 

4 
4 2 
4.4 
4 5 



2.3 
2.6 
3.1 
3.4 
3.6 
3 7 
3.8 



2.0 
2.3 
2.7 
2.9 
3.1 
3 2 
3.3 



1.8 

2.0 

2.4 

2.6 

2.7 

2.8 

2.9 



1.6 
18 

2 1 

2.3 
2 4 

2.5 
2.6 



1.4 
1.6 
1.9 
2.1 
2.2 
23 
2.3 



1.2 
1.4 
1.6 
1.7 
1.8 

1 9 

2 



1.0 
1.2 
1.4 
1.5 
1.6 
1.7 
1.7 



09 

1.0 
1.2 
1.3 
14 
1.5 
1.5 



40 

60 
80 
100 
120 
140 



0.7 
0.8 
1.0 
1.1 
1.1 
1.2 
1.2 



0.6 
0.7 
08 
0.9 
0.9 
1.0 
1.0 



0.5 
0.6 
7 
0.7 
0.8 
0.8 
O 8 



4.2 
4.9 
5.4 



3.4 
4 
4 4 

4 7 
4.9 

5 1 



2.9 
3 4 
3 7 
4.0 
4.2 
4.3 



25 
29 
3 2 
3.4 
3.6 
3.7 



2.2 
2.6 
2.9 
31 
3.2 
3 3 



2 

2 3 

2 6 

2 7 

2 8 

2 9 



18 
2 1 
2.3 
2.5 

2.6 
2.7 



1.5 
1.8 
1.9 
2.1 
2.2 
2 2 



1.3 
15 
1.7 
1.8 
1.9 
1.9 



1.1 
1 3 
1 5 
1.6 
17 
1.7 



0.9 
1.1 
1 2 
1.3 

1.3 
1.4 



0.8 

0.9 

10 

1 1 

1.1 

1.1 



06 
0.7 
08 
0.9 
0.9 
0.9 



40 
60 
80 
100 
120 
1 40 



4 4 

5.3 



3.6 

4 4 
4.9 

5 2 
55 



2.4 
3.7 
4 1 
4 4 
4.6 
4 8 



2.7 
3.2 
3 6 
3.8 
40 
4.1 



2.4 

2.8 
3.2 
3.4 
3 5 
3 7 



21 
2 5 
2.8 

3.0 
3.2 

3.3 



1.9 
2.3 
2.5 
2.7 
2.8 
3.0 



1.6 
1.9 
2.1 
2 3 
2.4 
2.5 



1.4 

1.7 
1.8 
2.0 
2 1 
2.1 



1.2 
1 5 
1.6 
1.7 
1.8 
1.9 



1.0 
1.2 
1.3 
1.4 
1.5 
15 



8 
10 
1.1 
12 

1.2 

1.3 



7 
08 
0.9 
09 
10 
10 



50 
70 
100 
140 
170 
200 



4 6 

5.3 



38 
4.5 
5 1 



3 3 
3.9 

4 4 

4 9 

5.1 

5 3 



3.0 
3.4 
3.9 
4 3 
4.6 

4 7 



2.6 
3.1 
3.5 
3.9 
4.1 
4 2 



2 4 

2.8 

3 2 
3 5 
3.7 
38 



2.0 
2.3 
2 7 

2.9 
3.1 
3.2 



17 
2 
2 3 
2.5 
27 
2 8 



15 
18 
2 
22 
2 4 
2 4 



1.2 
1.4 
1.6 
1.8 
1.9 
2 



60 
80 
100 
140 
170 
200 



10 

1.2 
1.4 

1.5 
1.6 
1.6 



08 
10 
11 

1.2 
1.3 
1.3 



5 5 



4.6 
5.3 



4 

4.6 
50 



3 5 

4 

4 4 

5 
5 2 

5.5 



3.2 
3.6 
3.9 
4 4 
4.7 
4.9 



2.8 
3.3 
3.6 
4.0 
4.2 
4 4 



2 4 

2.7 
30 
3.4 

3 5 
37 



2.1 
24 
2 6 

2 9 
3.1 

3 2 



18 

2.1 
2 3 
26 
27 
2 8 



1.5 
1.7 
18 
2.1 
2 2 
23 



80 
140 
200 



1.2 
1.4 
1.5 
1.7 
16 
1 9 



1.0 
1.1 
1.2 
1.4 
15 
1 5 



5 3 



4 7 



4 2 

5 3 



38 
4 8 

54 



3 2 

4 1 
4 6 



2 8 

35 
39 



2 4 

3 1 
3 5 



2 
2 5 
28 



1 6 

2 1 
2 3 



13 
17 
1.9 



1O0 
150 
200 



5 2 



h a 



4 

4 e 

5 3 



34 
4 1 
4 6 



3 
37 
4.1 



2 4 

29 

3 3 



20 
25 
2 7 



16 
2 
2 2 



120 
160 
200 



4 8 

5 5 



4 1 
47 

5 2 



37 
4 2 
A 8 



2 9 

3 4 
3 7 



2 5 

2 8 

3 1 



2 

2.3 
2 5 



0.5 
0.5 
5 
0.5 



0.5 
0.5 
0.6 
0.6 
5 



5 
06 
0.5 
0.5 
7 
7 



0.5 
6 
0.7 
0.7 
0.8 
08 



06 
7 
0.8 
9 
10 
1.0 



08 
9 

9 
1.0 

1.1 

1 2 



10 
1.3 
1.4 



1.2 

1.5 
1.7 



15 
17 
19 



5 
5 

0.5 



0.5 
0.5 
0.5 
0.6 



0.5 
0.5 
0.6 
6 
06 



OS 
06 
0.7 
07 
8 
08 



6 
7 
0.8 
08 
0.9 
9 



6 

1 
11 



10 
1 2 
13 



1 2 
1 4 

1 5 



5 
0.5 
OS 



05 

0.5 
0.6 
06 
t 



05 
05 
06 
07 
0.7 
07 



Oh 
08 
09 



6 
10 

1 1 



10 

I.I 

1 2 



<5i« rl^c^Ll 2? SmS 2 K abOV * "5? fl ?°i M? 1 m tor • hm ««* of room *NC w lormala im tort iot othar «™ 
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TABLE 9 — COEFFICIENTS OF UTILIZATION FOR SIX GENERAL TYPES OF LUMINAIRES 



TYPICAL 
DISTRIBUTION 




M.I\ = .70 




M.T. =.6S 





M.F. = .70 




M. r. = .65 




m. r. =.70 



LUMINAIRC 



INDIRECT 




SEMI-INDIRECT 




GENERAL 
DIFFUSING 




SEMI-DIRECT 




DIRECT 




DIRECT" 




Ceiling 


80% 


70' % 


50% 


30' 


80' ! 


70% 


w a i is 


SO , 




10' ;. 


50 ! 




10 , 


50' j 






50' | 






50' . 




io- , 


50' ! 






30'i 


30' j 


30' ; 


10' ; 


30 ! 


10% 


30' j 


30' | 


10' i 


r loor 


10', 


10' ; 


10 | 


10' ; 


30' | 


30', 


Room 






































KatLO 








































.27 


.21 


.16 


.24 


.19 


.14 


.17 


.14 


.1 1 


.12 


.09 


.07 


.28 


.22 


.16 


.25 


.20 


.14 


0.8 


.34 


.28 


.22 


.30 


.25 


.20 


.22 


.18 


.15 


.15 


.12 


.09 


.35 


.27 


.23 


.32 


.26 


.20 


10 


.39 


.33 


.28 


.35 


.30 


.25 


.26 


.22 


.18 


.17 


.14 


.12 


.42 


.35 


.28 


.37 


.31 


.25 




.45 


.39 


.33 


.40 


.34 


.29 


.30 


.26 


.22 


.20 


.17 


.14 


.48 


.41 


.34 


.42 


.36 


.30 




.49 


.43 


38 


.43 


.38 


.33 


.32 


.28 


.24 


.22 


.19 


.16 


.52 


.45 


.38 


.47 


.40 


.34 




.55 


.49 


.44 


.48 


.43 


.39 


.36 


.32 


.29 


.24 


.22 


.19 


.60 


.52 


.46 


.53 


.46 


.41 




CO 


.oo 


Afi 


. 3*S 


Al 


*■! 
3 


.30 


.33 


.3 — 


9fi 


99. 


9 1 


cc 

.03 


.30 


CO 
.3*£ 


.3 t 


C 1 
.3 L 


A R 
.4 3 




.61 


.56 


.52 


.54 


SO 


.46 


.40 


.37 


.34 


.27 


.25 


.23 


.69 


.62 


.56 


.60 


.54 


.49 




.65 


.61 


.57 


.57 


.54 


.50 


.43 


.40 


.37 


.28 


.26 


.25 


75 


.68 


.62 


.64 


.59 


55 




.68 


.64 


.61 


.59 


.56 


.53 


.44 


.42 


.39 


.29 


.27 


.26 


.78 


.72 


.67 


.67 


.63 


59 




.24 


.19 


.15 


.22 


.17 


.13 


.17 


.14 


.11 


.13 


.11 


.08 


.24 


.19 


.15 


.22 


.18 


.14 


0.8 


.30 


.25 


.20 


.27 


.23 


.19 


.22 


.18 


.15 


17 


.14 


.12 , 


.31 


.26 


.2 1 


.28 


.23 


.19 


1.0 


.35 


.30 


.25 


.32 


.27 


.23 


.26 


.22 


.19 


.20 


.17 


.14 


.37 


.31 


.26 


.33 


.28 


.24 




.40 


.35 


.30 


.36 


.32 


.28 


.29 


.26 


.22 


.22 


.20 


.18 


.42 


.36 


.31 


.38 


.33 


.28 




.44 


.38 


.34 


.40 


.35 


,31 


,32 


.28 


.25 


.24 


.22 


.20 


.47 


.40 


.35 


.43 


.37 


.32 




.49 


.44 


.40 


.44 


.40 


.36 


.36 


.32 


.29 


.27 


.25 


.23 


.53 


.47 


.41 


.48 


.43 


.38 


£■■0 


. Ji, 


Aft 




. **o 


A A 


A(\ 
. **\J 


.30 


.33 


"59 


9Q 


.4.1 


.4,0 


£.9" 

. 3 / 


.3 1 


.1 A 
.40 




. 4 / 


A 9 
.4^ 




.55 


.50 


.47 


.50 


.46 


.42 


.40 


.37 


.34 


.30 


.28 


.27 


.61 


.55 


.50 


55 


.50 


.46 


a n 


.58 


.54 


.51 


.53 


.49 


.46 


.43 


.40 


.37 


.32 


.30 


.29 


.65 


.60 


.55 


.59 


.54 


.50 




.60 


.57 


.54 


.55 


.52 


.49 


.45 


.42 


.39 


.34 


.32 


.31 


.68 


.63 


.59 


.61 


.57 


.54 




.26 


.21 


.18 


.25 


.21 


.17 


.23 


.19 


.16 


.20 


.17 


.15 


.27 




.18 


' 


■ 


.17 


0.8 


.32 


.27 


.23 


.31 


.26 


.22 


.28 


.24 


.21 


.25 


.22 


.19 


.34 


.28 


.23 


.32 


.27 


.22 


1.0 


.38 


.33 


.29 


.36 


.32 


.28 


.33 


.29 


.26 


.29 


.26 


.23 


.40 


.34 


.29 


.38 


.32 


.28 


1 *iD 


.43 


.38 


.34 


.41 


.36 


.33 


.37 


.33 


.30 


.33 


.30 


.27 


.46 


.40 


.34 


.43 


.38 


.33 


1 ^ 


.47 


.42 


.38 


.45 


40 


.36 


.40 


.36 


.33 


.35 


.32 


.30 


.50 


.44 


.39 


.48 


.42 


.37 


^ n 


.53 


.48 


.44 


.50 


.46 


.42 


.44 


.41 


.38 


.39 


.36 


.34 


.57 


.5L 


.46 


.54 


.48 


.44 




.DO 


R 9 


.i ft 






A C 

.*»D 


AH 


A A 


A 1 


A 1 


iq 


.3 J 


A9 


cc 
.JO 


mi 

-3«J 


RC) 

JO 


C "> 
.33 




n 


.59 


.55 


.51 


.55 


.52 


.49 


.49 


.46 


.44 


.43 


.41 


.39 


.65 


.59 


.54 


.61 


.55 


.52 


4 n 

** .u 


.62 


.59 


.56 


.58 


.55 


.53 


.52 


.49 


.47 


.45 


.43 


.42 


.70 


.65 


60 


.65 


.61 


.57 


R n 


.64 


.61 


.59 


.61 


.58 


.55 


.54 


.51 


.49 


.46 


.45 


.44 


.73 


68 


64 


.68 


.64 


.61 


n a 

\j .\j 


.34 


.28 


24 


.33 


.28 


.24 


.31 


.26 


.24 


.30 


.25 


.22 


.35 


.29 


.24 


.34 


.28 


.24 


0.8 


.42 


.36 


.32 


.40 


.35 


.31 


.38 


.33 


.30 


.36 


.32 


.29 


.43 


.37 


.32 


.42 


.36 


.31 


1.0 


.48 


.42 


.38 


.47 


.41 


.37 


.44 


.39 


.36 


.41 


.37 


.34 


.50 


.43 


.38 


.48 


.42 


.38 




.54 


.48 


.44 


.52 


.47 


.43 


.49 


.45 


.41 


.46 


.42 


.39 


.57 


.50 


.45 


.55 


.49 


.44 




.58 


.53 


.48 


.56 


.51 


.47 


.53 


.49 


.45 


.49 


.46 


.43 


.62 


.55 


.50 


.60 


.54 


.49 


9 n 


.64 


.59 


.55 


.62 


.57 


.54 


.58 


.54 


.51 


.54 


.51 


.48 


.69 


.62 


.57 


.66 


.61 


.56 




.O / 


-OO 


.35 


cc 
.0 3 


A 1 

. D 1 


. 30 


. DU 


C7 

.3 / 


A A 


cc 
.30 


.34 


CO 

. j — 


1 A 

. / 4 


.00 


A9 




cc 
.03 


.OL) 




.70 


.66 


.62 


.68 


.64 


.61 


.63 


.60 


.57 


.58 


.56 


.54 


.78 


.72 


.67 


.74 


.68 


.64 


ji n 


.73 


.70 


.67 


.70 


.67 


.65 


.66 


.63 


.61 


.61 


.59 


.57 


.82 


.77 


.73 


.78 


.75 


.70 




.75 


.72 


.70 


.72 


.70 


.68 


.68 


.65 


.63 


.62 


.61 


.60 


.86 


.81 


.77 


.81 


.78 


.74 




.34 


.28 


24 


.34 


.28 


.23 


.33 


.27 


.24 


.32 


.27 


.23 


35 


- 


.24 


.35 


28 


23 


0.8 


.43 


.36 


.31 


.42 


.36 


.31 


.41 


.35 


.31 


40 


.35 


.31 


44 


.36 


.31 


.44 


.36 


.31 


1.0 


.49 


.42 


.38 


.48 


.42 


.38 


.47 


.42 


.37 


.46 


.41 


.37 


.51 


.43 


.38 


.50 


.42 


.38 




.55 


.49 


.44 


.55 


.48 


.44 


.53 


48 


44 


.52 


.47 


.44 


.58 


.55 


.45 


.57 


.50 


.45 




.60 


.54 


.49 


.59 


.53 


.49 


.57 


.52 


.48 


.56 


.52 


.48 


64 


.56 


.50 


.62 


.55 


.50 




.65 


.60 


.56 


.64 


.60 


.55 


.63 


.59 


.55 


.61 


.58 


.55 1 


.71 


.64 


.58 


.69 


.63 


.58 


9 R 


.69 


.64 


.60 


.68 


.64 


.60 


.66 


.63 


.59 


.65 


.62 


.59 


.76 


.69 


.64 


.74 


.68 


.63 




.72 


.67 


.64 


.71 


.67 


.63 


.69 


.66 


.63 


.67 


.65 


.62 


.80 


.74 


.68 


.78 


.72 


.67 


A Ci 


.76 


.72 


.69 


.75 


.71 


.69 


.73 


.70 


.68 


.71 


.69 


.67 


.85 


.80 


.75 


.83 


.78 


.74 


n 


.78 


.75 


.72 


.77 


.74 


.72 


.75 


.73 


.71 


.74 


.72 


.70 


.89 


.85 


.81 


.87 


.83 


.79 




.53 


.46 


.42 


.53 


46 


.42 


.52 


.46 


.42 


.51 


.46 


.42 


.54 


.47 


42 


.54 


.46 


42 


0.8 


.64 


.57 


.52 


.63 


.57 


.52 


.62 


.56 


52 


.61 


.56 


.52 


.66 


.58 


.53 


.66 


.58 


.53 


1 


.72 


.65 


.60 


.71 


.65 


.60 


.70 


.64 


.60 


.68 


.64 


.60 


.75 


.67 


.61 


.74 


.66 


.61 


1.25 


.78 


.72 


.68 


.78 


.72 


.68 


.76 


.71 


.68 


.75 


.70 


.67 


.83 


75 


.69 


.82 


.74 


.69 


1.5 


.83 


.77 


.73 


.82 


.77 


.73 


.81 


.76 


72 


.80 


.76 


72 


.89 


.81 


75 


.88 


.80 


.75 


2.0 


.89 


.84 


.80 


.88 


.84 


.80 


.87 


.83 


.80 


.85 


.82 


.79 


.97 


.90 


.84 


.95 


.89 


.83 


2.5 


.93 


88 


.85 


.92 


.88 


.84 


.90 


.86 


.84 


.88 


86 


.83 


1 02 


.96 


.90 


1.00 


.94 


89 


3.0 


.95 


.98 


88 


.94 


.91 


.88 


.92 


.90 


.87 


.91 


.88 


86 


1.06 


1.00 


.95 


1.04 


.98 


.94 


4.0 


.99 


.95 


.93 


.97 


.94 


.92 


.95 


.93 


.91 


.94 


.92 


.90 


1.12 


1 06 


1.01 


1.09 


1.04 


LOO 


5.0 


1.01 


.98 


.96 


1.00 


.97 


.95 


.98 


.96 


.94 


.96 


.94 


.92 


1.15 


1.10 


1.06 


LIS 


1.08 


1.04 



•Coefficients of Utilization are based on the lumen output of reflectorized lamps. Coefficients greater than 1 are the result of interreflections of light by the floor, walls, and other 
surfaces. This builds up th© footcandle level beyond the initial lamp lumens per sq. ft. of work-plane area. 

TABLE 9- COEFFICIENTS OF UTILIZATION for two types of LUMINOUS CEILINGS* 





WALLS 1 


50% 


30% 


10% 


50% 


30% 


10% 


50% 


30% 


10% 


50% 


30% 


10% 




-C >- 


FLOOR 


10% 


30% 


10% 




30% 




s> 

c u 


3 . 


Room Ratio 














- Of 

• — 

u 


0.6 


.27 


.22 


.18 


.28 


.22 


.18 


.23 


.19 


.16 


.24 


.20 


.16 


- v*_ 


5 II "6 
° * 2 


0.8 


.33 


.28 


.25 


.36 


.29 


.24 


.29 


.24 


.22 


.29 


.25 


.22 


IS 


— o y 
o T3_9 


1.0 


38 


.34 


.30 


.42 


.34 


.30 


.33 


.29 


.26 


.34 


.30 


.27 


| 


1.25 


.43 


.38 


.34 


.48 


.40 


.35 


.38 


.34 


.31 


.40 


.36 


.32 


o _ 
« ii 2 

u _ 


^ 5 


1.5 


.46 


.42 


.38 


.52 


.45 


.40 


.42 


.38 


.35 


.44 


.40 


.36 


■ - cy — 

w> u 5 
TJ c S 


u 

< ii ~° 

.2 S ii 

o £ a 


2.0 


.51 


.47 


.43 


.58 


.51 


.47 


.48 


.43 


.40 


.51 


.47 


.43 




2.5 


.55 


.51 


.47 


.61 


.55 


.51 


.51 


.47 


.44 


.54 


.51 


.48 




3.0 


.58 


.54 


.50 


.64 


.58 


.55 


.54 


.49 


.47 


.57 


.54 


.51 


Q 3 


c c 

Oil 


4.0 


.61 


.58 


.54 


.68 


.62 


.59 


.59 


.53 


.50 


.60 


.58 


.55 




5.0 


.64 


.60 


.57 


.71 


.65 


.62 


.59 


.55 


.52 


.62 


.60 


.58 



The coefficients of utiliration in 
this table were derived by cal- 
culation. Cavity efficiency is the 
fraction of lamp lumens emitted by 
the luminous ceiling surface. Ac- 
cumulated heat in a cavity may 
account for coefficients being re- 
duced mater ia My. Allowance 
should be made for this condition 
in the design. 

*Data from "Measured Illumi- 
nation Data for Luminous Ceil- 
ings; 1 A H. Russell and R. D. 
Churchill, Illuminating Engineering, 
1956. 
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GENERAL LIGHTING DESIGN PROCEDURE 



The Lumen Method Summary shows the principal 
steps iii designing Buoitsceni and fiiamcni lighting 
systems. The first eight steps are identical for both 
systems. The steps arc determinations of: 

1. Characteristics of Room, Type of Interior, 
Seviiic Task. The dimensions of the room are deter- 
mined, reflectances of walls, ceiling, and lloor selected 
or measured, and the limits ol "height in the clear 
noted. Decorative factors and type <>l work or display 
Or function of the SpaOS are recorded. The seeing 

tavk determines— 

2. Horizontal Footcandle Level. Published 
tables ol iKoninKiulcd values (average in service) are 
Oi considerable assistance. See Lamp Div. Bulletin 
"Levels ol Illumination-. ULS. American Rccom- 
meoded Practice bulletins, and LEA Lighting Hamt 
book. 

3. Type of Luminaire. The selection of the 

luminaire is based upon the sue and type ol interior, 

the seeing tasks, cost, ami Other factors. 

4. Maximum Spacing. Values of allowable spac- 
ing between luminaircs and spacing from end rows 

to walls are found in Table 7- 

5. Room Ratio. See Tabic 8. 

6. Maintenance Factor. Suggested maintenance 
factors are shown in tables ol Coellu ients ol I'uh/a- 
uon. Local conditions, however, max alter the recom- 
mended values considerably. 

7. ( ..efficient of Vlilisation. Calculated values 
of the OOdfidenl of utilization of the luminaire selected 
nai be found in the manufacturer's catalog, in tables 
as in (i. E. Lamp Division bulletins, or calculated by 
the method outlined. 

8. Total Lamp Lumens Required. This value 
is found from the lot inula: 

Footcandl cs X Area 
Tot. Lumens Required = C U . x Maintenance Factor 

9. Location. Panther ami Size of Lnminaire: 
Fluorescent Lighting System 

A representative luminaire having been chosen, 
the Number "I Lamps and the Lumens pel Lamp arc 
multiplied to find the Lumens pa luminaire: Lm/Lc. 

The niunbci of luminaire* required is found by 
dividing Link (Irom 8) by Lm/Lc. 

LmR 
Lm/Lc 

The units (X) are arranged in rows or otherwise 
to make a s\ miiu trical lavoui. not exceeding the maxi- 
mum spacing and distance to walls. In practice it may 
Ik- mttssaiv io add a lew units to the number (N) 
for sMiimeitv. or to choose a luminaire with more or 
less lamps or lamps of other output. 

Filament Lifihtin\i System 

A re prcv iiiaiivc luminaire is chosen and the de- 
signer makes a lavoui in accordance with the allowable 
s|*acing limit* recorded in (4). 



= N 



From the layout, the proposed number of lumi- 
naircs (N) is counted Bj dividing the Lumens Re- 
tired (LmR) Irom (8) bv this Number (N) in the 
layout, a reepiircd value ol -Lumens per luminaire 

is secured: 

-^r— = Lm/Lc 

This value is used to find the lamp most nearly 
supplying the required lumens. Actually, some rear- 
rangement ol spacing and lamp size is usually necessary. 

The Lumen Method is summarized in 9 steps as 

follows: 

L Characteristics of Room 

Length ft 

Width h 

Area *q. ^ 

Reflectances 

Ceiling % 

Walls 7o 

Floor % 

2. Footcandle Fuel Fc 

3* Luminaire Type 



4. Spacinfi of Luminaire* 

Between rows ft- 

Distance to walls It. 



ABDUCT l OlONS 

Fc = Fo«»i«-;in«ile« 
MV = MaintMUBec 
facto* 

CU r=Coeff. of 
I tili/.ulion 

La = l.iuiHii (*) 

I A' — Luminaire 
Lp - I .amp 
W = V nil- 

I,mR = LuteM 

Itcquircd 

N = !>o. «>f 

Luminaire* 



No. oi 



Room Ratio 

6. Maintenance Factor 

7. Coefficient of I lilizalion 

Fc X A rea 

8. Lumene Required ^ ||j 

9. Location, Number and Size of Luminaircs 

Fluorescent lighting System 

A. Lumens/Luminaire (Lm/Le) 
lamps/Le X Lm Lp. 

Lumen? Hr«iuirr»f ^Stc p 8) 

B. No. of Luminaircs < N ) = j m j f . 

C. Make layout using Table 7 as a guide and 

N from 9B 

I). Actual total Lamp Lumens = N Erom Step 9C 

X Lm/Le 

r _ F/- i St.-,, 2t y bmp Lumcn» 9D 

Actual A*. Fc - Require d (Step 8) 

F. Initial Fc = Actual Kv. lootcandles -f- Ml' 
Filament Lighting System 

A. Make lavoui using Fable 7 as a guide and 
determine the number (X) of luminaircs 

B. Lumens Rccpiirc Luminaire (Lm/Le) = 
Lumens 

C. FlxMD schedules, find nearest lamp: 
W Lm 

D. Actual Total Lamp Lume ns = N X Lm/Lp 

r , . _ Fc (Strp 2) X Actual Tot. Lp. jflB fll 

Actu.1 A, F< - Lui^ Required <SU»S) 

F. Initial Fc - Actual A\. Fotilcandlcs -r- Mf 
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SUPPLEMENTARY LIGHTING 

THE POINT-BY-POINT METHOD 

The Point-by-Point method of lighting calculation 
is employed w hen single luminaires are used or when 
special types oi equipment not commonl) adapted tor 
general lighting systems are specified. The system 
facilitates making quick estimates of footcandle results 
in the application of auxiliary spotlights and flood- 
lights. This method is bused on the application of 
the inverse square law (page 6) to data obtained 
From the candlepower distribution curve oi the lumi- 
naire. The footcandles are computed In use oi one 
ol the three Following formulas, depending on the 
point location. 




v' 

\ / 

N ✓ 

V 



A. When the point is in a plane normal to the 
beam, the formula is: 



Footcandles = 



CP (candlepower) 
V* (Distance in leet) 




B. When the point is on a horizontal plane at a 
distance H, (sec sketch) the formula is: 



Horizontal Footcandles = 



CP x Cosine of An»lc a 



(V 2 + H-) 

V* -J- H 2 is equal to D 2 ; D is the distance from 
the source to the point P. (Note: When 

CP 

H = 0, cos = 1.0, and Fc = — as in "A.") 
(Cosines of angles are given on page 6.) 

En Table lOA, the footcandle levels on the horizon- 
tal plane have been calc ulated lor a source oi 100 cp lor 
a wide range of mounting heights (V) and horizontal 
distances from the luminaire (H). For higher mount- 



ing heights or projection distances encountered in 
the use of powerful projectors, the values have been 
computed tor 100, 000 cp. Given also is the angle in 
degrees so that at any conventional height and dis- 
tance, the actual candlepower tor that particular 
angle mav be taken from the distribution curve ot 
the unit. By dividing the actual candlepower at this 
angle (CPa) by 100, then multiplying by the toot- 
candles produced per hundred candlepower as given 
in the table, the resultant horizontal lootcandles at 

the point may be obtained. When the 100,000 cp part 
of the table is used, the actual candlepower is divided 
by 100.000. then multiplied b\ the Fc value per 100,- 
ooo cp horn the table. The result is the horizontal 
footcandles at the point. 




C. When the poiyit is on a vertical plane, the for- 
mula is: 

- , T7 II CP x cos (90°-a) 

Vertical rootcandlcs = — — — 

(V' + H-) 

In Table I OB. the footcandle levels on the vertical 
plane are calculated lor a source ol 100 cp loi the 
same range ot vertical heights and horizontal distances 
as in Table I OA. To find the vertical footcandle 
value, the distances H and V locate the angle (upper 
figure) and the actual candlcpowcr value is obtained 

from the candlepower distribution curve ol the unit 
at this angle. ISv dividing this cp value bv 100 and 
multiplying it by the footcandle value in the table, 

the actual vertical footcandle level at the point is 
obtained. Similar values for a 100.000 cp source are 
also included When this section oi the table is 
used, it is nccessarv to divide the distribution curve 
cp value bv 100.000. then multiply it by the footcandle 
value tor that angle in the table. 

These tables can be utilized in the calculation ol 
the distribution ol ultraviolet energy horn sunlamp 

svstems bv substituting for the 100 cp an erythema] 
equivalent such as 10 E-vitons per sieradian. The 
erythema] level at the point is numerically equal to 
1/10 that of the Fc level lound in the table. 

Similar determinations of germicidal installations 
are facilitated by using the table. Substituting; 1000 
microwatts per steradian for 100 cp in the table, the 
numerical point values would be ten times the F< 
values in the table. 
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TABLE No. 10A 

I pper Figures — Aiiylc liYtwcrn l,i*£.it Hay and Vertical 
Lower Figures — Footc-amllcs on a HORIZONTAL Plane Produce-el l>> a Source of 100 CandIepo%ver 
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1 1 ' 
1 16 


12 

1.25 


i;r 

L33 


1 1' 
K.4J 


1 1 

1 10 


15 a 
I 57 


lo 

1 6 1 


I8 4 
1 77 


19 a 
I 90 


21 
2.00 


23° 
2 09 


150 


6" 
loo 


6 

|Q5 


• 

".22 


7 ° 

550 


.-1 
57 7 


8 B 

632 


9 
.085 


10 

.736 


ir 

787 


11° 

839 


J2° 
.887 


1 ( 

.93 1 


1 1 

079 


15° 
1 07 


16° 
1 15 


18° 

1.23 


19° 

1.30 


175 


5 13' 
295 


5" 33' 
..'Hi 


6' 

3 to 


6 

.319 


i © 
i 

.100 


f 

1«) 1 


B" 
135 


8° 
170 


9* 

,503 


lo 

.536 


lo* 
.509 


II 

.600 


12 

630 


13° 

69] 


14* 
719 


15" 
HOI 


17° 

.852 


2(10 


l t r 

I OH 


1 52' 

J 10 


> I . 


5° 20' 

:i\ 


5° ir 

J 10 


: 
270 


.29 i 


.317 


8" 
.310 


9 

..in2 


9 
.385 


III 

. 107 


10° 
129 


1 P 

172 


12° 
513 


14' 

.551 


15* 
588 
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Vhv pinlriei mining of lighting; levels for supple- 
mental \ systems may be accomplished by one of 
several methods previously out lined, such as the 
point-l>\-point method (page 73). the beam lumens 
method (page 81), and by use of tables and curves 
as presented in various forms in manufacturers' cata- 
logs and data sheets. 

The predetermining of lighting levels for supple- 
mentary s\ stems in which '•continuous" linear sources 
are used max be accomplished from empirical data 
based on the Lumens-per-foot of the source. These 
data are adaptable for relatively short distances be- 
tween the light source and the work or display where 



die inverse square law obviously does not apply. The 
"Lumenvper foot" method emploxs the lollowing 
formulas: 

Where the lamp and reflector have heen 
selected — 

Footcandles - K x Lumens-per-foot of Source. 
Where a footcamlle level is desired — 



Necessary Lumens-per-foot 



Fc Desired 
K 



in which the constants K M and K v applx respective!) 
to Horizontal and Vertical illumination values, as 
given in the charts below: 



TABLE A-HORIZONTAL ILLUMINATION TABLE B -HORIZONTAL ILLUMINATION 



Horizontal Fc =(Kh X Lamp — Lumens-per-foot 
Broad Distribution — White Enamel Reflector 



Kh Values 

DISTANCE FROM 
CENTER LINE OF UNIT 



Distance Between 

Lamp Center and 
Plane of Measurement 




1 



2 



3' 



1 Ft 


.438 


.127 


.008 


.001 




I 

I 

I 


I 




1 


2 Ft. 


.223 


.150 


.061 


.017 


3 Fl. 


I 
I 

.145 


.120 


.077 


I 

.041 


4 Ft. 


' 1 

1 
1 

.106 


.095 


I 

.072 


I 

.048 




I 


I 


I 


i 



Horizontal Fc=(K H X Lamp — Lumens-per-foot 
Narrow Distribution — Polished Aluminum Reflector 



Distance Belween 
Lamp Center and 
Plane of Measurement 



1 Ft. 



1ft. 



3Fl. 



4 Fl. 




.753 



Kh Values 

DISTANCE FROM 
CENTER LINE OF UNIT 



2' 
I 



3' 



1 

1 

.330 


.1 


55 


I 

.035 


.0 


06 


1 
1 

.212 


.1< 


>1 


I 

.066 


.OS 


2 


I 

.153 


I 

.131 


I 

.086 


I 

.038 



TABLE C -VERTICAL ILLUMINATION 

Vertical Fc =(K V X Lamp — Lumens-per-foot) 

Broad Distribution— White Painted Cornice, No Reflector 



TABLE D— VERTICAL ILLUMINATION 

Vertical Fc =(K V X Lamp — Lumens-per-foot) 
Narrow Distribution — Polished Aluminum Reflector 



L- - , Cvnler 
«"d Pl*n« of 



1 Fl. 



2 Fl. 



3 Ft. 



4 Fl. 




K Value! 

DISTANCE FROM 
CENTER LINE OF UNIT 



3 

.185 



6 

159 



9 

175 



ft" 
.165 



.011 



.028 



044 



.057 



.004 



.010 .017 



.023 



.002 



005 



.008 



.012 



18" 

129 



.068 

~i 

.032 



018 



fltSt00ttt*titU 



DM«ncf Between 
L*mp C«nt«r 
dft-d Pl«nc ol 
Mc«iutcn«nl 




1 Fl. 



2 Ft. 



3 Fl. 



4 Fl 



DISTANCE FROM 
CENIER LINE OF UNIT 



.121 



125 



.135 



028 



.056 



.077 



01 



028 



036 



006 



013 



020 



12" 

.096 



.086 



.044 



031 



i r 



18" 

.080 



090 



.059 



037 
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Two types of luminaires arc specified— Broad dis- 
tribution as from a unit with a mat-finish reflector 
and Narrow distribution as from a polished metal 
reflector. The beam in both cases is presumed to be 
aimed at a plane 4 feet from the source through point A. 

The importance of the reflector is evident from a 
comparison of Tables C and D. The average K value 
at 4 Feel in C is .009; in D, .021. This difference is 
133 per cent. 

The actual values from which the table s were com- 
piled are readings taken at the mid-point of lumi- 
naires 12 feet in length. For conventional lighting 
systems, the footcandle levels would normally drop at 
the ends of rows, unless additional lamps or lamps of 
higher output are provided. 

The values are given for horizontal footcandles 
at levels of 1,2, 3, and 4 feet. For example, it is de- 
sired to determine the horizontal footcandle level on 
a work bench 3 feet below a continuous reflector (it 



broad distribution containing double rows of 40-watt 
T-12 standard cool white F lamps. The K n factor at 
3 feet is .145 (average over a 6-inch zone). The lumens- 
per-foot (Table 11). is 625. Multiplying this by 2 
(rows) and by .145 equals 181 footcandles (initial). 

A vertical illumination value of 50 footcandles is 
desired on a display lighted b) a narrow beam reflec- 
tor unit 1 foot up and 9 inches out. The formula to 
apply is: 



Ft-c 

Necessary Lumens/ft. = tt- 

N v 



50 



The K v value as seen in Table D is .135; hence -y^ 



— 370. From Table II, a suitable lamp is selected. 
In most installations it is wise to supply \/ A to i/., addi- 
tional lumens initial!) to allow for the normal depre- 
ciation of lamps and reflecting surfaces. 



TABLE 11 — Lumens-per-foot (Initial Lumens-per-Nominal-Length) — Fluorescent Lamps (Standard Cool White)** 



Lamp Desig. 


Lumens 


Lumens 


Nominal 


Lamp Desig. 


Lumens 


Lumens 


Nominal 


Watts 


GENERAL LINE 


per. ft. 


(Init.) 


Length 


SLIMLINE 


per ft. 


(Init.) 


Length 




4 w T-5 


200 


100 


6" 


42 T-6 


423 


1480 


42" 


25.0 


6 w T-5 


280 


210 


9" 


64" T-6 


440 


2350 


64" 


37.0 


8 w T-5 


320 


320 


12" 


72" T-8 


425 


2550 


72" 


36.5 


13 w T-5 


390 


680 


21" 


96 T-8 


437 


3550 


96" 


49 


14 w T-12 


430 


540 


15" 


48 T-12 


575 


2300 


48" 


38 


15 w T-8 


487 


730 


18" 


72" T-1 2 


600 


3600 


72" 


55.0 


15 w T-12 


410 


615 


18" 


96" T-1 2 


631 


5050 


96" 


74.0 


20 w T-12 


5C0 


1000 


24" 


RAPID START 










25 w T-12 


545 


1 550 


33" 


48" T-12 


625 


2500 


48" 


40 


30 w T-8 


613 


1840 


36" 


72 T-12 


883 


5300 


72" 


85.0 


40 w T-12 


625 


2500 


48" 


96" T-1 7 


850 


6800 


96" 


100 


40 w T-17 


600 


2400 


60" 






90 w T-1 7 


1030 


5150 


60" 












100 w T-17 


970 


4850 


60" 













For lumens-per-foot of other colors use these multiplying factors (Std Cool White = 1.0): DeLuxe Cool White, 
71, DeLuxe Warm White. .71; Daylight, .93. Soft White, .68, Green, 1.2, Gold, .6,- Blue, .45, Pink, .45, 
Red, .06. 
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FLOODLIGHTING 

Beam-Lumens Method 

In manv locations in which floodlighting is pro- 
posed, there arc some basic dimensions thai can 
be assumed to be alreadv fixed. For example, in i lie 
usual ground-area floodlighting, the designer is usu- 
ally able to locate points where the equipment should 
logically be placed, such as on ncarb\ buildings, along 
high banks or fences, or on poles or towers. These 
locations establish the approximate distance (D) 
from the floodlight to the surface to be lighted (Fig. 
106) and the average aiming angles (Figs. I08a, b, c). 
They also guide the choice of floodlight t\ pc— narrow, 
medium, or broad-beam as listed in Table 14. 




Fig. 106 D is the shortest distance from the floodlight to the 
plane of the surface to be lighted. The beam is circular when the 
Aiming Angle is C ; it is elliptical at other angles. 




HORIZONTAL SURFACE 

D 



Fig. 107 The distance D applies to lighting horizontal surfaces 
and vertical surfaces as shown. 



As a general rule, it is wiser to design a system with 
a small number of large filament lamp floodlights 
rather than a large number of small ones. This makes 
a simpler system to install, to control, and to maintain. 
Another reason is that in general the larger the lamp 
the more efficient it is. 

The lf>()0-\vatt floodlight in Table 15 sets a prac- 
tical upper limit to size. It should be remembered, 
however, that large floodlights arc hard to conceal: 
this is important where their daytime appearance may 
be objectionable architecturally. 




PERIMETER SYSTEM 

Fig. 108 a — The average Aiming Angle is the angle between the 

perpendicular and the axis of a floodlight aimed 
toward the center-line of the surface to be lighted. 
Illustration shows "perimeter" system. 




Fig. 108 b — The average Aiming Angle in this "center-pole" 

system is measured between the perpendicular and a 
point half way to the perimeter ( 1 1 the total area width). 




Fig. 108 c — For the same Beam Spread and Aiming Angle, Spot 

Areas vary as the square of the distance D. Spot 
Length (L) and Spot Width (W) vary as the distance 
D The Spot Area may be determined by the 
formula. L x W x r_- 

4 
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Fig. 109 Floodlight* arc generally fanned out from towers, poles, 
or points on nearby buildings Aiming plant arc often supplied by 
manufacturers for large installations, with them the luminaircs can 
be preset on the ground Other methods include tr.al-and-error 
aiming at night bights are sometimes built into the floodlight 
housings Checking results with a lightmetei is both necessary 
<nd desirable 



All floodlight inn design methods include ccruin 

approximation*. Ikim iI on c\|x tit-ntc. In IIimmII igluing 
*\*jems ( ..in. lining a large iiiiiiiImt nf Inininaiic*. a 
detailed Mud\ of aiming diagram* ami inanv calcu- 
lations an- uMialK required." A method, useful lor 
designing simpler ssstem*. tailed die "Ixaiii-ltiiiiiiis" 
method, k ihiii, s id, M>lmion til two lorinulas (A 
and Ii) and the tooidinatioii ol the it. mi Its. 



FORMULA A 

Floodlights 
Needed for 
Coverage 



rc j 



lighted x Coverage factor 
Beam Spot Area 



In i lux formula Area n ilie ana to In lighted in 
*quarc |« « i | Ms max In tuber a hori/oiital surface 
"•i a M iinal one. as shown m Kigv 107a ami b. 

lie Coverage Facfor mhIk .11. v i h, minimum DUO* 
Ixr ol dirt < lions limn which eat h |m»iiii in the an a 
should Im lighted, tit |>t inling ii|hmi i Ik mm of the an a. 
\ toxeragt- (atior ol I i* am piahlc in some applita- 
lion*, although in Mich s\ si cms out <»r two lamp burn- 
ouis might irmiMirarilx least large. daiL pan lies. 
C«i*irag« latt.iis ^nait r than I therefore atld desire- 
able sal« I \ latmrv 

For example, a tow-rage fat lor of '1 is nctt-ssat* |..i 
parking *|»a«c-s ami lor proitttise lighting lo reduce 
tin mm «»l shadow* between automobile*, row* til 
height tars, pile* nf manual, ami similar bulky 
object*. See Table 13 lor oib< t it-tom mended \aluc*. 

I h Spot Areas "I (inodlighi Uams in F<mnula \ 
an gi*en in I able II* lor sanotis Im am spread*, di* 
lame*, and \iming Vmjlt s ..| usual etpupnx m liating 
ssmim trual tamllt |»ower disiribuiion. In this table. 
I> is die |icr|K-tHlif nlai distant i iniasim-d bom ihe 
lloodhghi m tlu plain ol iIm- lighted sulfate I anil 
W are the length* and width* ol the ellipse* binned 
**hrn fltMMlb K hts are aimed ai an angle io tlx lighted 
surface At 0' the area i» uttialhr circular (Fie. 1 06a); 




ai most oilui angle*, ii is elliptical. For similar Ix-am 
vpnatls ami \ uning Vnglt*. Spin \rtas van a* die 
square of] the diftano I) < Fig. 1074 » I. ami \V value* 

\.u \ as i In tlisiaiut * I). 

'Hie awiaue \iuiiug \nglc in Table II? is nit a* 
mc d from the |x r|n ndit ulai lo ibt beam axis Im. 
Iig. HIHa). In a ' p. iini.ui" *\*itin in which the 
lloodlighi* art mounted along or bexoml t lit- jxiim 
< i. i <»l an ana. the * will, ol toiu*e . be aimed ai sarious 
angles, bm the average \iitiing sflgk ust d in torn 
puiaiion is mca*imd between ilie |m i |m ii<! k ular ami 
ibe t e tin i line ol l h. ana lo Im- ligfltedL W hen f b mmI- 
linht* ai. on |M>lt s along tin cenn i line ol an area, tlu 
a*erage Niming \ii|»le is mea*ured beiween ibe pol. 
(|m ipe n.be ular) and .i peiim hall *sa\ io tin- bonntlary 
(i{ the width of the total area). See Fig. 106b. 

\llei ele le II. i. mi. y the diM.o... I) ..ml (be asciage 

\imiiiK \m;le, ii.. s,...i \,« a is found Erotn Table 12 

ami ru inula A can lx solwd. 

1 Bew step ie I I* ' Formula B Ml iah ulau 

the numlxi ami *»*/< -.1 floodlight* needed it* supply 
ilu mtesxan fnoitamllct. 



FORMULA B 
Floodlight* 

Needed for 
Footcandle* 



Footeandles « Area Lighted 
Maintenance Factor ■ Utilisation 
Factor x Beam Lumens 



• art! 
t«. C 



wm A. 
I S«lWiui LO IS 



1 ' ' '"'"-ul., i*pi, a | Footcandle .<<...„„,. nda 
mms are given in Table n I be Maintenance Factor 

allow* |oi dust ami .Im normal lamp riYpnti 

anon 1 In* is found under .o.rauf toneluion* to lie 
alKMit 7 Ib.urse, it „,a* Ik asl.m as 5 lor emrerm l> 
din* l« M anotis uh.n .lu*i d, n Jn< i arr frf> 

tpitmls ml j* n.le-el ui itw an 



ISOCANDLE CORVC 
(AV OF RIGHT AND LEFT SlDEg) 



LUMCN OiSTPlBUTlON 
(AV Of RIGHT AND LEFT SiDES) 




The Utilization Factor is the ratio of the lumens 
effectively lighting an area to the beam lumens ex- 
pressed as a decimal fraction. Most floodlights and 
projector- and rcflector-tvpe lamps are rated in Beam 
Lumens. As shown in Fig. 111. the Beam Lumens 
include onlv the lumens in that part of the beam in 
which the candlepower values are 10 per cent or more 
of the maximum candlepower. For tvpical values, see 
Table 15 and Footnote**, below. These data may 
change from time to time so currcm values only 
should be used. 




Fig. 112 Floodlights aimed toward the center of an area as shown 
have 100% (beam-lumen) utilization since all of their beam lumens 
(all on the area. Those aimed toward the perimeter may vary from 
.40 to .90 in utilization, depending uoon their position, The six 
spots on the far boundary are from floodlights equally spaced. 

In Fig. 112, the floodlights aimed toward the 
center of the area have a 100'; (beam lumen) utiliz- 
ation, since all of their beam lumens fall on the area. 
On the other hand, those aimed toward the perim- 
eter may have a utilization factor of 10' ; or less be- 
cause much of their I'vAn must netcssarih fall outside 
the area. 

From this the following conclusions can be drawn: 

1. If half or more than half of the floodlights arc 
aimed so that all their beam lumens fall within an 
area, the over-all I'tili/ation Factor will be about ,75. 

^ Sec Lamp Dept. Bulletin! on lijchfinjc dctiitn. 
°$Sec "I.E.S. Standard Testing Specification* for Lighting Equipment." 



Fig. Ill Floodlight beam pattern tested according to the "I.E.S- 
Testing Specifications."* Test data are plotted on a series of 
squares from 1 to 3° in dimension, the choice of size depending 
upon whether the beam has narrow or wide spread distribution. 
The testing range is usually 100 feet and at this distance one square 
degree represents an area 20.94 inches by 20.94 inches. About 
100 readings of candlepower are taken, and these include the 
extreme angular range of the stray light. Tests usually involve a 
series of stations spaced in a regular manner over the area of the 
beam, plus stations on eight equally spaced radial lines. Isocandle 
distribution curves are then plotted from the data obtained. 

The lumens in each square (see right half of illustration) are 
the product of a constant X distance- X average footcandle level 
in the square. The "beam lumens" constitute the sum of all the 
lumens of the individual test areas, except those squares or parts 
of squares in which the candlepower measures less than 10 per cent 
of the maximum beam candlepower. The "so-called" stray light 
is shown shaded. 
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TOO MUCH UCKT LOST 
1 

\ 1 
1 

1 


a 


\ > 



a. When a floodlight is pointed so that its axis is aimed at the 
far boundary of an area, there is considerable light lost 
outside. The glare may be very annoying to neighboring 
premises also. 




TOO LITTLE LIGHT 
HERE 



b. If the top of the beam is aimed at the field boundary, too 
little light reaches the area at the perimeter. 




BEAM 'OVERHANG' 



c. Pointing the floodlight somewhere between these two 
extremes is a practical compromise. To have about one- 
fourth the beam overlap the boundary, raise 15 floodlights 
5 above position illustrated in b; for 30 3 floodlights, 
raise the floodlight 10°; and for 50° floodlights, raise them 
20 for similar approximate coverage at the boundary. 

Fig. 113 The aiming of "perimeter" floodlights affects the results 
and the system utilization considerably. 

2- If from one-quarter to one-half of the flood- 
lights are aimed so that all their beam lumens fall 
within an area, the over all utilization factor will be 

about .60. 

3. If less than One-quarter of the floodlights, can 
be aimed so that their beam lumens (all within an 
area, the over-all utilization factor is likely to be not 
more than .10. 
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To solve Formula B. after choosing the desired 
foot< andles and estimating the maintenance and 
Utilization Factors, a size of floodlight is chosen for 
trial calculation and its Il<;nn Lumens (from Table 
If)) are substituted in the equation. 

When the dimensions or shape of an area point to 
the use of several types ot floodlights- with different 
beam spreads, it in cuetomar) to divide the area into 
sections and plan a s\si< in lor each of them. Build 
ings with sctbackl are typical examples, also very tall 
structures such as towers or monuments. In setback 
buildings, you would design one setback at a time, 
selecting the t\pe ol lloodhght most suited for each. 
With lowers or monuments, a similar approach is in 
order. 

EXAMPLE 

A 300 ft. monument 00' x GO' at tin base (Fig. 114) 
to be lighted to 5 footcaodlcs might be divided into 
two sect ions— upper and lower— lor purposes ol calcu- 
lation. With the distance I) fixed or assumed, the 
lust task would be to select the best floodlight type 
(beam spread) for each section, from the data in Table 
12. The solution below is for one ol lour faces. 



Fig. 114 




Lower Section 

With the floodlight aimed at the (cuter of the 
lower section (75 ft. up) and at a distance D of 70 
feet the average Aiming Angle would he about 45 
degrees < I* »K- 1Mb From Table 12, it is seen that the 
width of the spot from a 30° beam with a D of 70 
feet at a 45° Aiming Angle, is r »Y0 feet. I 'he length 
or height of the spot, is 80.8 feet. ( \r< a = 3493 sq. It.) 
Since both of these dimensions fall with the bottom 
section limits (tit) bet wide, 150 feet high), it can be 
assumed that the utilization factor of the floodlights 
for this section would follow conclusion 1, page 81, 
and equal .75 or belter. 



Solving Formula A, assuming a coverage factor of 
2 (Table 13), 

30* 

Floodlights = Area Lig hted l Coverage Factor 9000 x 2 _ - * - 

Needed for Beam Spot Area M9S ~ or 

Coverage 

Solving Formula Ii with 1000-watt— 30 floodlighto 
Table 15 shows it has !Ki00 brum Illinois): 

1000- watt 

Floodlight* _ Footc andlcs x Area 5 x 9000 

N«dt<d for MF x UF x Beam Unions ° Ji .75 x 9600 ~ 
Food a miles 

Nine 1000-watl 30° floodlight* would serve the 
put pose with adequate co ve rage and the required 

foou audit v 
Upper Section 

In this section the average Aiming Angle is mi as 
ured from the distance 1) ol 70 leet and the height l<> 
the midpoint of 2-."i feet. From Fig. 110, this is found 

to be about 70 degiccfc A 15 beam ai l> of 70 leci 

aimed at 70 degrees has a W idth of *>7 H het and a 
length (height) of 181 leu; the Spot Area is 8*232 

iquare fa I 

Solving Formula A, we have: 

IS 1 

FliMMllijrhtN _ Area I.iglitnl \ Cwraj:c Factor 'XI0O x 2 „ - - 

Needed for Bram Spot Area 82J2 ~ " or * 

Covcrruge 

Solving Formula H with I .700 watt Hoc id lights 
(12*500 beam lumens), we ha\e: 
1500 watt 

Floodlight* Fcmtrandlrf x Area _ St 90(K) 

Ne d. .! tor MF x I F x H. am Lumens .7 x .73 x 12.300 " 
tooU atxilfs 

Since these lloodlights are the largest in ilu table, 
seven would be iiece*xar\. 

Example 

Assume that a construction area 200 feet by 200 
feet in a steel mill yard is to be lighted to 5 fpOiPPdlq 
b\ a perimeter swein. It is located between I WO 
buildings each 100 feet high. A scale (hawing or n I 
cnnci- to the chart (Fig. 110) indicates an average 
aiming angle ol 15°. 

W ith an average aiming angle of 15° and a dis- 
tance I) of 100' we find from Fable \2 that 15°, 30°. 
and j0 j floodlights ha\e sjh>i It ngths of 5*SA¥ I 15', and 
2W, res|Kctivelv. The corresponding areas are l, r >H3, 
7J2<», and 27,900 sq. ft. Since the length of the 30° 
beam spot and its area are well within the dimensions 




100' -4 

*00* 
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of the work area, we can make a trial solution with 

them: 

Solving Formula A. assuming a coverage factor of 
i (Table 13), 

30* 

Floodlights . Area Li phinl \ Cnvr-rage Factor 40jOOO>4 
Neededfor Beam Spot Area 7129 = 23 

< u\»-ragc 

To solve Formula Ii. we assume a maintenance fac- 
tor of .3 (extremely dirt) location), a utilization factor 
of .7, and lor trial assume the use ol a 1500-wati Rood- 
light (30°). Table 15 shows it has I 5,700 beam lumens. 

Solving Formula B, 
30° 

Floodlights __ Foot can dlcs x Area 5 \ lO.uoo 

\c« d' d for 
Fooi< andl>i> 



\1F x I F x Bejin l umens .3 x .7 x 15,700 



= 60 



Since this number is greater than the number re- 
quired for adequate coverage, we conclude that SO— 

I r > 00- watt 30° beam floodlights would satisfactorily 
illuminate this eonstrurtiou area. 

When the Floodlights Needed for Footcandlei is 
found to be much greater than the Floodlights Needed 

for Coverage, recalculate using a larger luminaire if 
available (more beam lumens), consistent u it h other 

lac tots. \s mentioned previously, the si/e mav be re- 
stricted b) other lac tors, such as bulk, weight, or an 
analxsis of costs. 

When the Floodlight! Needed for Fooicandlc s is 
found to be (onsideiahb less than the 1- looellighUJ 
Needed for Coverage, choose a smaller floodlight (less 
beam lumens) anil recalculate Formula 11. until a 
more reasonable numbe r is reached, II this is imprac- 
tical, e boose a floodlight wiih a wider beam spread. 
Example 

If a parking area of the same si/e (200' x L'00') in 
a clean location (M.F. = .7) were to be lighted to 2 

footcandlei with l.v floodlights. Formula A would be: 

IS* 

Floodlight* _ Am l .ighlfd x Covrragc Factor _ UI.(KX) x 2 

NewW for It, Im Spot Area IS83 ~~ 

t .overage 

Solving Formula It. for a trial with 1500 watt flood- 
lights, we- have: 
ISOO-witi 



2 x IOjOOO 



= U 



FI«M.dhg|it» _ Foot<and|r* x Ar«-a 

Needed I r MF x I F v IWam l.umriw ~~ 7i x .7 x I2.3O0 
root< and |e» 

Another trial using a small floodlight, say the r iOO 
watt with I * i < K > beam lumens, would give: 
.VNVwatt 

H.M.dhtrht F....I. andle»x Area 2x10.000 

Neede.1 i-t MF x I Fi It. am l.umrtu .7x7* 1300 ~~ 
Fo<itraniile« 

In this example . the "»0 KIcMMllighls Needed for 
Cove i aye can lie of the 500 wait si/e. The average 

"»<» 

illumiiiaiion would l>c — x 5 or 6.6 footcanclles. 

JO 

Willi an average aiming angle of 45° and a <lis- 
ian<e <D\ nl MM,', ue find from Table 12 thai 15°, 
30 . and 50° toodlightl Have HMM leiifcthi of 5S.G\ 
I I.V. and 2W. re«.|K < ii\< 1\. The corn >|M»n<ling areas 
arc 1383. 1.129. and 27,900 <*,. ft. Sincx- the length <>f 
t lie 30° ban and iiv atea are well within the 

dim* iimoih. nl die work area, we can make a trial *>lu- 
tion with them: 



Solving Formula A, 

30° 

FlootJIiphts _ Area Lighted x Coverage Factor _ 40.000 x 4 _ 
N«edS for Beam Spo! Area 7129 — 

To solve Formula 15. we assume a maintenance fac- 
tor of .3 (extremeh dirty location), a utilization factor 
oi .7, and for trial assume the use of a lf)00-wati Hood 
light (30*). Tabic IS shows it has l'>.70() l>eain lumens. 

Solving Formula Ii. 

30* 

Floodlighta _ Footramllrs x Area 5 x 50,000 

Needed fur 
Fouteandles 



MF x I F v li. .mi Lumens .3 x .7 x 15.700 



= 60 



Since this number is greater than the number ft 
quired lor adequate coverage, we conclude thai 60— 

I ">()() watt 30 beam floodlight units would sat isfa< 

torily illuminate ibis construction area. 

4 

In ( oriNti ui i ion and oilier arras, the activity XOX\ 

require high illumination levels on vertical surfaces. 

II so. some or all ol the floodlights should lie <>| tin 
broad-beam type. From Table 15, it is seen that the 

beam-lumens ol the two looo-watt types— medium 
and broad -beam — are math the same. Hence! eithei 
or both types coidd be applied. Combination! <»i 
types are often used. A typical triplc-tcnnivcouii 

System (Fig. 11")) includes c-iyht broad beam flood - 
lights aimed toward the outer conns and loin me elium- 

beam tuminairt-s aimed toward the miici court 




Fig 115 Typical tnpletenrmcourt syttem, detuned *o that the 
line of ».ght of a player in following the ball »eldom ceouet th« 
floodlight beam directly The wide-beam floodlight* arc aimed 
toward the near courts two medium-beam floodlight* add e«tia 
light to the center area of the middle court 

In appbint; the Ix am lumens method and other 
in. iIhmIs. pans ol areas mas still have |„w [noCM a ndles. 
I bis ma) be chic to obstrue i ions. limn. 1 1 ions on | K »le 
locations. «, r loiij-c r throws than the floodlight* < |,os« n 
can handle IVhes such occur, build up the area* 
involved b\ relocation ">mc luminaircv if possible 
Distant anas mas also | M IicI|kcI In supplementary 
narrow lxam floodlight* aimed toward the si>ot. Hou 
ever, in mans installations viihstautialK uniforra light 
ni- is not necessarih piel.ralile. The Utttflf nrrds 
"I an) area are, in the final analssis. the principal 
determinants. 
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Plotting Floodlight Spot Areas 

W illi the chart of Fig. 110 and a scale drawing of the area 
to be lighted, it is relatively simple to plot the approximate spot 
areas of floodlights. Such plotting aids in determining the best 
choice of floodlight type and the time spent may easily prove 
economical in the Ions run. A complete plot, such as partly- 
shown in Fig. 117, can be made in the following steps: 

L Draw the boundaries of the area to a Convenient scale. 

2. Find L and W for floodlights aimed at the corners and 
overlapped '* of their beam spots as follows: 

a. Assume t ha t the beam axis of a floodlight is pointed 
at the boundary (position a, Fig. 113). From the chart 
of Fig. 110 and the distance D and H (measure these 
on your scale drawing* find the "trial" aiming angle. 
Subtract 5° from it for a narrow-beam floodlight, 
10° for a 30° beam; 20° for a 50 brum; the 
Answer is the final Aiming Angle. Entering Table 
12. find the L and W for the beam selected at that 
Aiming Angle. 

b. On thin paper, draw the ellipse with dimensions L 
and W by the method of Fig. 116. Next draw quarter- 
ing lines on the template and after cutting it out, 
apply it to the scale drawing and trace the outlines 
as shown, lapping the beam spots one-quarter each 
way (or more I . 

In Fig. 117, a 15° floodlight at a D of 20 ft. with its axis 
pointed at the left far corner of the field has an H of 56 ft. and 
a trial aiming angle of 70° (similar to position a. Fig. 113). 
Subtracting 5° leaves 65° as the final Aiming Angle. With a D 
Of 20 ft. and an Aiming Angle of 63°, Table 12 shows a 15° 
Beam to spread to an L of 32 ft. and a W of 13.0 ft. This spot 
drawn by the method of Fig. 116 is ,h„wn dotted in the far lelt 
corner with its far quarter-point at the corner. 

Assume point C, the near quarter point of this 15° spot, as 
the "boundary" ^of the inner row of floodlights mounted at A 
(and li) f a 50° floodlight at A with the axis pointed at C 
i similar to position a. Fig. 113) would show a trial aiming 
angle of 63° (from D = 20 ft, H = 40 ft., Fig. 110). Subtract- 
ing 20 from 63° leaves 43° as the final Aiming Angle. A 50° 
Beam at a D of 20 ft. and an Aiming Angle of 43° is seen in 
Table 12 to have an L of about 44 ft. and a W of 27 ft. This 
spot is plotted in the near left corner of the field. 

The center spots are 30° Beam Spots. With a D of 20 ft. 
and H equal to 50 ft. (aiming at the far boundary), the trial 
aiming angle is 63° (from Fig. 110). Subtracting 10° leaves 53°, 
the final Aiming Angle. A 30° beam with a I) of 20 ft. an.l an 
Aiming Angle of 53° is seen in Table 12 to have an L of 30 ft. 
ami a W of about 18 ft. The Beam Spot is shown in the middle 
group with the quarter-point on the far boundary. 
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Fig. 116 Drawing an ellipse with a compass and string. 

Step 1 — With values L and W from Table 12, draw lines A-B 
and C-D bisecting each other as shown (lelt). With 
a compass setting equal to A-O and with C as the 
center, mark points f1 and f2 on line A-B. 

Step 2 — Fasten two pins at A and B, then tie a string between 
them. Remove the string and pins together and 
ff>set the pins at the points H and f2. With a sharp 
pencil draw in the ellipse as illustrated (right). 

A 30° floodlight aimed to overlap one-quarter of the far 30° 
floodlight beam | similar to the 15° and 50° beams | has a trial 
aiming angle of 58° i f rom D = 20 ft., H = 32 ft.). Subtracting 
10° leaves 48° as the final Aiming Angle. From Table 12, we 
find that for these dimensions L = 24 ft. and W = 16 ft. The 
beam spot is shown in the center mar position. Sttidv of the left 
and central beam spots — leads to the final choice of 30° beams lor 
the far row and 50° floodlights for the near row. These are 
respectively plotted in the right corner along U-C." 

For the far-right corner 30° beam, the trial aiming angle 
is 70° (from D = 20 ft.. H = 56 ft.). Subtracting 10° leaves 60° 
as the final Aiming Angle. A 30° beam with a D of 20 ft. and a 
60° Aiming Angle has an L of 54.6 and a W of 21.1 ft. 
(Table 12). 

The trial aiming angle for the 50° floodlight aimed at C" with 
D = 20 ft. and II = 27.5 ft. is 53°. Subtracting 20° leaves 33° 
as the final Aiming Angle. A 50 c beam at a 33° Aiming Angle 
with a D of 20 ft. indicates an L of 27.5 and a W of 23 ft. 
The spot is shown on the sketch (near right) with the % 
point at C." 

3. To complete the layout, dot in the other beam spots, 
overlapping them at the quarter-points. Duplicate groups 
of floodlights on the far boundary at points similar to 
A and B would complete the system. 



30 BEAM 
* A=48* 

V" 24 ' /' 




100 FT 




3 



o 



B 



Fig. 117 Narrow-beam floodlights aimed toward the corners of 
the area overlap the boundaries 1 \ of their beam spots. See Fig. 1 1 3. 
Broadbeam floodlights illuminate the near part of the area and overlap 
the perimeter similarly. A similar system (not shown) would be 
installed on the far boundary. Drawing the spots on a scale-drawing 
help in selecting the best type for the purpose. 



87 




TABLE 12-SPOT SIZES — FLOODLIGHT BEAMS 
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TABLE 12 (Continued) 
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10752 


207 


66.1 


70° 

1 11 


115782 


800 


1 Hi 
I'll 














til 


23.7 


2 i.7 


IF 


1822 


48.2 


irt o 


o 


5532 


83.9 


U '1 o 




10° 


162 


2 1 1 


24.0 


10° 


1920 


49.8 
51.9 


19.8 
50.0 


10* 


5848 


87 1 


85.5 




15° 


I'M 


25.1 


21.6 


1 5 


2010 


15° 


6286 


91 I 


87.6 




Mi 


532 


26.9 


25.2 


Ml 


2233 


55.1 


•J I .o 


Oft ° 


6966 


97.9 


Oil t% 

vn. n 






595 


29.0 


26_2 




2513 


59.6 


> > ' • 




8003 


107 


n i n 


90 Ft 




685 


31.8 


27.1 


SMI* 


2918 


65.9 


^F» .1 
■ III. 'ft 


.111 


953 1 


121 

■ mmw 4 


in i 
1 o i 




35° 


810 


35.6 


29.1 


•»•> 


3510 


74.5 


II" . II 




1 1915 


1 lo 


1 nu 
111 n 






996 


40.9 


81.1 


IU 


1390 


86.6 


6 1.6 


< ii " 

10 


1 5795 


KiO 


1 Mi 




45° 


1282 


48.2 


33.8 


45° 


577 1 


10 | 


7(1 H 
t\9.o 


4.1 


22599 


21 \ 


I'l 




50° 


1713 


58.8 


37 .2 


50 5 


8082 


1 to 


7U o 
i r ~ 


->ll 


36296 


29 t 

■ 71 


I " — 
1 » . 




55° 


2165 


74.7 


12.0 

■ mm, . 


^5° 


1 2280 


172 


<) 1 ft 

7 1 .11 


?r - o 
9« 




1 ".it 


1 ' i * , 




6(1° 


3823 


Kill 


48.7 


611° 


20963 


216 


1 ill) 


li(» 


211731 


966 


2H.S 




65° 


Mi 1 1 


i l l 
i i i 




1F.F 


1 ! 1 " t 


I'M 


1 ''I 


o»» 






70 1 


13608 


233 


74.3 


70° 

1 <F 


1 16537 


900 


M i~ 


i u 










V 


515 


26.3 


26.3 


II 


2250 


53.6 


.1.1.0 





6830 


93.3 


93.3 




10° 


570 


27.2 


26.7 


10° 


2370 


55.4 


54.5 


10° 


7220 


96.8 


95 




1-0 

is 


606 


28.2 


27.3 


1 . 


2518 


57.7 


55.6 


15° 


7760 


101 


97.3 




20° 


657 


29.9 


28.0 


20* 


2757 


61.3 


57.3 


20° 


8600 


109 


101 




25° 


735 


32.2 


29.1 


25* 


310 2 


66.3 


59.6 


25° 


9800 


119 


|o5 


100 Ft. 


30* 


816 


35.3 


30.5 


30* 


3603 


73.2 


62.7 


30° 


1 1770 


l :i 


112 


35° 


100(1 


39.6 


32.3 


35* 


1333 


82.8 


66.6 


35° 


1 1710 


156 


120 




40° 


1230 


45.4 


34.6 


HI 


5 120 


96.2 


71.7 


1(1° 


19500 


188 


132 




43° 


1583 


53.6 


37.6 


IV 


7129 


115 


78.6 


45° 


27900 


238 


1 19 




50* 


2115 


65.3 


41.3 


50° 


9978 


111 


88.0 


50° 


1 litlO 


327 


175 




55* 


3013 


83.0 


46.7 


55* 


15160 


191 


101 


55° 


871 10 


509 


218 




60* 


1720 


111 


54.1 


60° 


25880 


273 


121 


60° 


265100 


1073 


315 




65* 


8165 


160 


64.9 


65 6 


54480 


448 


155 


65° 










70° 


16800 


259 


82.6 


70" 


180910 


1000 


230 











Nolc: 

To use thi9 table for other D distances, the Spot Areas are proportir »nal 
to the squares of the distance D involved. For example, for a D of 250 feet, 

250- 

the Spot Area would be y^r or 6.25 times the table value for a D of 100 feet. 

The values of L and W are directly proportional to the D values. An L or W 
at a distance D of 250 feet is 2.5 times the table value at a D of 1UU feet. 



Table 13 — Typical Recommended Footcandle 

Levels and Coverage Factors for 
Floodlighting Systems 



LOCATION 


Foot- 
candles 


Minimum 
CoveraQe 
Factor 


Buddings — \\ erase Surroundings 


10-30 




Construction Work 


— 


3-4 


Fences 


0.2 


1-2 


Gas Stations 


10-30 


3^4 


Loading Flat forms 


5-10 


3-4 


Parking Lots 


1-2 


2 


Protective Lighting — Active Areas 


5-50 


2 


Shipyards — construction 


5-10 


3-4 


Signs, Poster Boards 


20- L00 


1-2 


Trees. Monuments 


5-20 


1-2 



Table 14 — Floodlight Beam Spread 

for Typical Areas 



Type of Area 



Approx. 
Distance 
to Area 



Beam Spread 



Buildings 2-3 story 
lighted from dirfa posts 

Buildings lighted 
from am k> <tre4 i t 

A. Areas 3000 sq.ft. 
or less 

B. Areas 3000 sq.ft. 
to 10.000 sq. ft. 

Construction \\<>rk, 
Parking spacer 
IWImII. K.h.iImII 



10'-30' 



50-100' 



50'-100' 



Vt perimeter 
Behind hleaehers 



Broad, also Fresnel 
type (widesprend) 



Broad or Medium 



Medium or Narrow 

Broad or Medium 
Broad and Medium 



Table 15 — Approximate Beam Lumens of 

Typical Floodlight Luminaires 



15 Beam 
(Narrow) 


30° Beam 
(Medium) 


50 -60 Beam 
(Broad) 


Floodlight 
Lamp Size 


Beam 
Lumens 


General Service 
Lamp Size 


Beam 
Lumens 


General Service 
Lamp Size 


Beam 
Lumens 


250-walt 

500-watt 

LOOO-watt 
1500-watt 

2<io PAR-46 
(16° x23°) 


1300 

3400-4300 

7600-9500 
12.300 

1600 


200-watt 
500-%vatt 
750-watt 
1000-watt 
1500-watt 
150 PAH-38 Spot 

300 P\H-36 Fl 1 

(20° x 35°) 


1.400 
1.300 
7.100 
9,600 
15.700 

600 
1.900 


500-watt 
750-watt 

1000-watf 
150 PAH -38 Flood 


3900-5100 
6750- 8.100 

9100-10,900 

1 400 
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Fig. 118 Asymmetric curves of a kerosene limp (A) and fi lour- 
way refractor-type street light. ng unit (B). 



STREET LIGHTING 

ISOCANDLE CURVES 

Lighting units which produce asymmetrical <1 is- 

tribution are old in the art <>l illumination, an ex- 
ample ol one «>i the older forms is the kerosene lamp. 

\ modern example is the asymmetric rclractoi unit 
Ot the design used at the intersection oi two streets. 

Conventional candlepowei distribution curves oi 
these two sources are shown in Fig. 118. 

The "ideal" way to plm the photometric distribu- 
tion of an aswnmeti ical unit would be on the surface 
of a large sphere centered on the unit*. The sphere 
could he ruled of! in degrees of latitude and longitude 
like a globe of the world, ami the light received by 
each section could be indicated. But since most such 
data require a more simple and re producible form lor 
general use, a curve or curves on spherical-web plot- 
ting paper similar to that used by cartographers is 
utilized. On this form the lines of longitude are 
projected sine curves o| various amplitudes, and the 
lines o| latitude become equally-spaced horizontal 
lines. The theoretical spherical surface is seen in 
Fig: 1 19 to be transformed into a plane surface through 
the progressive sieps-a. b, c. and cl, atid the light dis- 
tribution of the unit graphic ally presented m i^nandle 
(or ecjui-candlc) curves. In illustration el, the ver- 
tical axis represents the plane parallel to the street, 
and tin extreme boundaries of the chart, the plane 
crosswise ol the street. 

In prac tice-, in order to plot isocandle curves for 
an asymmetrical lighting unit, it is necessary to obtain 
candle-power curves in a number ol vertical planes at 
regular intervals (customarily of ten degrees) and 
select from these curves the angles at which they cross 
the 1 00 candle, 200-canelle, etc., lines and plot the 
points on a spherical we b eliagiam, joining the points 
to complete the curves. 

• See Trantactiom of the Illuminating Engineering Society, 1926, 
p. 1 3 J (bcntorvl). 
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Imagine a hemispherical 
shell placed about the lamp 
as a center with its open 
side at right angles to the 
street. 



5T»UT 

n 




b Top view of hemisphere 
and unit. 
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On the hemisphere a curve 
is drawn joining the points 
representing a value of 
1000 candles, another is 
shown at 1500 candles 
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d The hemisphere is then 
flattened to make it simple 
to reproduce on paper as 
the isocandle-web 



Fig. 1 1 9 Development ol an isocandle-web chart. 





B 




Fig 120 A — Typical isocandle distribution of a lantern-type street lighting luminaire 

B — Lighted sphere with degree-scales used in preparing isocandle curves ol street-lighting fixtures 



The illustrations of Fig. 120 show isocandle curves 
of a lantern-type street lighting luminaire ami the 
artist's conception of the same data showing the re- 
gions of low and high luminous intensity with the 
zones shaded in steps. The development of asymmet- 
ric lighting units was a distinct sup forward in illu- 
minating engineering, but along with the development 
came added complications in the photomctrv and cal- 
culations involved in the application of the units. 
Particularly in street lighting studies, the isocandle- 
web charts were very useful in plotting data. 

A second form called isolux lines of horizontal 
footcandlcs (Fig. 121) further serves to show graphi- 



cally the distribution of light from a system of street 
lighting standards. It is common practice in prepar- 
ing these diagrams to choose representative points on 
the surface of the street along a series ol parallel lines 
and then compute the horizontal illumination at each 
point from each of the sources, employing the point- 
bv-point method (page 71), then adding the compon- 
ent values to obtain the total illumination at each 
point. The problems of computation are considerably 
involved, particularly with asymmetric distributions. 

Such determinations are greatly facilitated by 
means ol nomographs. 




Fig. 1 21 Isolux lines of footcandles show the variation along the street surface. The street lighting standards are staggered, spacing 1 25 feet. 
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NOMOGRAPHS FOR LICHTINC CALCULATIONS 

The nomograph in its simplest form is a graphi- 
cal plot of data so aligned in a group of interrelated 
scales that by applying a straight-edge to connect two 
of the known quantities, the projection to the third 
Male indicates the value of the third (unknown). The 
set of nomographs i following page 89) cover all the 

computation! necessary to predetermine the horizon- 
tal and various vertical illumination values for a 
convenient range of distances and mounting heights. 
Because of their logarithmic scales, these can be 
used for such widely different applications as street 
lighting, flood and sports lighting, poster-board and 
show window lighting, and similar installations. 

I lure type* ol nomograph* are included in order to 
combine accuracy with a compact form. The square 

nomographs make use of an axis line in order to trans- 
fer from fine set of data to another. 

In the nomographs anv pair of linear scales such 
as V and H of Chart II or anv pair of illumination 
scales such as E h and E T may he multiplied by any 



Common factor to secure extended range or greater 
accuracv. The same is true of the I and E b scales of 
Chart III The scales of angles, however, cannot be 
so treated. 



Step 2— The vertical angle v is found from Chart II. 

V and h give X, 
H and X give v 

Step 3— The candlt power I. corresponding to the 
angles h and v, is found horn the curves of the 
Unit, as in Fig. 121. t hen the horizontal illu- 
mination fc H is found Irom Chan 111. 

I and v give X. 

V and X give E„ 

Three different values of vertical illumination 
mav he obtained from the charts, I he time vertical 
planes arc shown in Fig. 123 ami arc termed v B (norm .„. 
v, (lengthwise) . and v c (crosswise). 

Step -1— The vrrlual illumination E T is found from 
Chart IV. 

t„ and v give E, 

n 

Step 5-1 he virtual illumination E, is found from 
Chart V. I 

V and II give X, 
E„ and X give E, 

i 

Step 6— The vertical illumination E, is found from 
Chart VI. 

E„ and D give X. 

V and X give E f 



Angular Relations 

The sketch of Fig. 122 shows a street lighting unit 
mounted at the Curb. The determination of the hori- 
zontal and three vertical illumination values at the 
point P involve the following: 

V— Vertical height of the unit above the road 

H— Horizontal distance Irom the point P to the 
line parallel to the curb through the light- 
center 

h— horizontal angle between R-S and R P 
v-\crtical angle b< iu< < n the lines C-R and G-P 
L— distance Irom the point R to I' 

D— distance Irom the point P to s 

I— candlepower ol the unit in the direction of 

the point P. 

The determination ol the angles v and h lo- 
cales this value of candlepower on i lie curve 
ol the unit, such as the isocandle curve of 
Fig. 124. 

Use of the Charts 

The procedure in using the charts is as follows: 

Step I— The horizontal angle h is found Irom ( hart I 

D and H give h 

• From "Graphical Illumination fonipviiiiioni," by Ruuell C. 
Putnam. (.eneral llcctnc Review. December. I»JJ. 
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Example of the Use of the Charts — 
Street Lighting 

Ijfunie the luminaire used is one whose isocandle 
web chart is that of Fig. 124. The unit is mounted 
25 feet above the road at the vertical distance V and 
at the curb. Consider a point on the surface of the 
road such that II equall 20 feet and I) eqtlftll 75 feet. 

Step I— In Chart I. place a straight edge across the 
values for H and I), then the horizontal angle h is 
found to be 75°. Since 75 ft. is off scale, use 2.0 
and 7.5, read 75°). 

Step 2— In Chan II. place the straight-edge across h 
(75°) and V (25). Mark the intersection on the diag- 
onal line x. Then turn ihc straight-edge so that it 
crosses this point and II (20 ft.), continuing to the v 
scale. The \aluc of the vertical angle v is 72°. 

Step 8— From Fig. 121. the candle|K)wer I is found 
by locating h = 75° on the horizontal axis, h-h. Then 
follow down this line \ rrl i< alls 10 the 72° point. 
This must be estimated between the 70° and 75° 
lines. The value is 1200 cp (I). On Chart III. pro- 
ject 1 a line from I (1200) and v (12') and mark the 

Intersection on the diagonal line x. Then place the 
straight-edge from V (25 ft.) through the point on x 
to the K„ scale which reads .051 lootcandles, which is 
the horizontal illumination at the |K>int P. 

Step 4— To obtain the vertical illumination on the 
plane v„ which is normal fat right angles) lo the line 
I., use Chart IV. Project a line from K„ ( 054) to V 
(72°), the intersection on E T is .17 foot candles. 



Step 5— To find the vertical illumination on the 
plane Vi which is kmgthwUe ot the street, use Chart 
V. Place the straight-edge from V (25 ft.) through H 
(20 ft.), and mark the intersection on x. Then project 

from E H (.054; through x to £ T , which gives the 

i 

value of .043 footcandles. (Since the values are so 
Mnall, use 5.4, read 4.3, divided by 100.) 



Step 6— To obtain the vertical illumination on the 
plane v cl which is at right angles to the street, use 
Chart VI. Trace a line from E H (.054) to D (75 ft.), 
and mark the point on x. Then from V (25 ft.) 
through the point on x, find E v , which is ihc value 
of ,16 footcandles. c 




For the case in which the horizontal illumination 
at S is desired, it may be seen from Fig. 122, that the 
horizontal angle h is 0°, and therefore Step 1 is 
omitted and Chart I is not used. 

Step 2— on Chart II. place the straight-edge from 

V (25 ft.) to h (0°) and mark x. Then from H 
(20 ft.) and x, find v, which is 38°. 

Step 3— On the isocandle web chart of Fig. 124, 
find the candlepower I corresponding to the angles h 
(0 i and \ <:iS j. the value is 460 (I). On Chan III, 
project from I (400) and v (38 °), and mark x. Then 
from V (25 ft.) through x, locate the value of E u> 
which is .28 footcandles. 

Examining the vertical planes v n , v, and v r at the 
point S, it ma\ he seen from Fig. 123 that v n coincides 
with V|, and therefore cither Chart IV or V ma) he 
used. Since v r is radial, the vertical illumination on 
it is zero and therefore Step (3 is also omitted. 

Using Chart IV, connect E H (.28 Itc) through 
v (38°), read E T at .22 it-c. Using Chart V, connect 

o 

V (25 ft.) and H (20 It.) and mark x. Then Iroin 

E H (.28 ft-c.) and x, read E v at .22 it-c. (Use 2.8 

i 

and x, read 2.2 f divide by 10.) 



Fig. 122. Geometrical relationship between a 
street-lighting unit and any illuminated point P 
on the street surface. 





F19. 123 Planet are V| (lengthwise), V c (crosswise), 
and V n (normal). 



Fig 124. Isocandle corves of a typical street-lighting luminairc 
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CHART I Horizontal Angle 
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CHART II Vertical Angle 
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CANDLEPOWER 



10,000 



5,000- 
4,000- 

3,000- 
2,000^t 
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Eu - HORIZONTAL 

ILLUMINATION 
IN FOOTCANDLES 
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CHART III Horizontal Illumination 
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NOTE: IF LEFT SCALE 
READ LEFT SCALE 



OF E M IS 

of 'e ' 



USED 



V 

VERTICAL 
ANGLE 

I- 85° 



-80' 



-75* 



-70' 



-65* 



-60' 



-55< 
-50< 
r-45 1 
-40' 
f-35 c 



-30' 



-25 1 



-20' 



-I5 C 



-10' 
-9° 

-8° 

-7° 

-5° 



-4 
-3* 



V 



CHART IV Vertical Illumination E ) in plane normal to line L 
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CHART V Vertical Illumination (E ) in plane lengthwise of street 
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CHART VI Vertical Illumination (E ) in plane crosswise of street 
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Part IX 

Glossary* 



PHOTOMETRIC QUANTITIES 

LUMEN — The lumen is the unit of luminous flux. It is equal to 
the Flux through a unit solid angle from a uniform point source 
of one candle, or the flux on a unit surface all points of which 
are at unit distance from a uniform point source of one candle. 

CANDLE — The candle is the unit of luminous intensity. It is de- 
fined as 1 /60 of the intensity of one square centimeter of a blackbody 
radiator at the temperature of solidification of platinum (2,046 °K). 

CANDLEPOWER — Candlepower is luminous intensity expressed 
in candles. 

ILLUMINATION — Illumination is the density of luminous flux 
on a surface; it is equal to the flux divided by the area when the 
latter is uniformly illuminated. 

FOOTCANDLE — The footcandle is the unit of illumination, 
equal to the illumination on a surface one square foot in area on 
which there is a uniformly distributed flux of one lumen, or illumina- 
tion on a surface a distance of one foot from a uniform point source 
of one candle. 

QUANTITY OF LIGHT — Quantity of light is the product of 
the luminous flux by the time it is maintained. The unit is the lumen- 
hour. 

BRIGHTNESS — Brightness is the luminous intensity of any surface 
in a given direction per unit of projected area of the surface as 
viewed from that direction. 

FOOTLAMBERT — The footlambert is a unit of brightness 
equal to the uniform brightness of a perfectly diffusing surface 
emitting or reflecting light at the rate of one lumen per square foot. 
The average brightness of any reflecting surface in footlamberts is 
the product of the illumination in footcandles by the reflection 
factor of the surface. 

APPARENT CANDLEPOWER — The apparent candlepower of 
an extended source of light measured at a specific distance is the 
candlepower of a point source of light which would produce the 
same illumination at that distance. 

MATERIALS AND ACCESSORIES 

REFLECTOR — A reflector is a device, the chief use of which is 
to redirect the light of a lamp by reflection in a desired direction 

or directions. 

REFRACTOR — A refractor is a device, usually of prismatic glass 
which redirects the light of a lamp in desired directions principally 
by refraction. 

SHADE — A shade is a device, the chief use of which is to diminish 
or intercept the light from the lamp in certain directions where such 
lighl is not desirable. Frequently the functions of a shade and a 
reflector are combined in the same un.it 

• Uam of Ihr .Mamn.iri. „r- from \.,n>m. Un.rr mn .l Stan-Unl. iM.I.Ul.ryj 

by in :..< . v hutfiurv-mitf Socvcly, 



GLOBE — A globe is an enclosing device of clear or diffusing 
material to protect the lamp, to diffuse or redirect its light, or to 
modify its color. 

PROJECTOR — A projector is a device which concentrates lumi- 
nous flux within a small angle about a single axis. 

LUMINAIRE — A luminaire is a complete lighting unit consisting 
of a light source, together with its direct appurtenances, such as the 
globe, reflector, housing, and such support as is integral with the 

housing. 

DIFFUSING SURFACES AND MEDIA — Diffusing surfaces and 
media are those which break up the incident light and distribute it 
more or less in accordance with Lambert s cosine law of emission**, 
as for example, rough plaster and white glass. 

DIFFUSE-SPECULAR — DiHusc-specular surfaces are those which 
are essentially diffuse but contain an outer layer of glazed material 
which reflects specularly. Porcelain-enamel is a common example. 

PERFECT DIFFUSION - Perfect diffusion is that in which light 
is scattered uniformly in all directions by the diffusing medium. 

WIDE ANGLE DIFFUSION — Wide-angle diffusion is that in 
which light is scattered over a wide angle. 

SPREAD OR DIFFUSING — Spread or diffusing surfaces (and 
media) are those which break up the incident light and distribute 
it as though the surface were incandescent, uniformly bright in all 
directions or approximately so. Examples are rough plaster, white 
glass, white plastic. 

NARROW-ANGLE DIFFUSION — Narrow-angle diffusion is 
that in which light is scattered in all directions from the diffusing 
medium but in which the intensity is notably greater over a narrow 
angle in the general direction which the light would take by regular 
reflection or transmission. 

REGULAR OR SPECULAR REFLECTION - Regular or specular 

reflection is that in which the angle of reflection is equal to the 
angle of incidence. 

DIFFUSE REFLECTION - Diffuse reflection is that in which the 

light is reflected in all directions. 

REGULAR REFLECTION FACTOR - The regular reflects factor 

is the ratio of the regularly reflected light to the incident light. 

DIFFUSE REFLECTION FACTOR - The diffuse reflection factor 

is the ratio of the diffusely reflected light to the incident light. 

REFLECTION FACTOR OR REFLECTANCE - The reflection 

factor or reflectance is the ratio of the light reflected to the incident 

light. 

•* DS"?2"5: •)'"■.....„ follow. Umhrrl • o*,nr law of rai,«.„n: 

. n-Tfil'.r Jr fc V <Cp) ",' " <-"«"" I" r«.|,«i.-| or r-llr. l«l I,, 

V . V P ,u '"- »"rf«.r ,.,„, «. ,|„. „„,„, ,,f , llr mngir 

• nrira »n|, tlir < •wii.r .,( tltr angle. 



102 



DlFfUSC TRANSMOBON Dilute trenw.u** h thet »« wh.ch 
the trentmitted light 11 emitted Ml «JI directions ttom the 
body 

REGULAR TRANSMISSION RegJer tr^t-n.nwa »**tm wh.<h 
the trentmitfed light 11 not diluted In Vucil t/enumtSiOA the direction 
of the trenvmticd pencil of light het « demitc geoaetncel rcletion 
to the corretpondmg incident pencil of light 

REGULAR TRANSMISSION f ACTOR iKe re*Jer ******** 
lector <t the ret»o of regJerl, trentmittcd light to the incident 1.9*1 

DIFFUSE TRANSMISSION FACTOR The d»*u»e irenemoo 
lector it the r«t»o of the diffusely trinvmrted l.jht to the dilute 

incident light 

FRANSMISSION f AC TOR The t/tnunmion factor of e body 
it the retio of the hjht tr tntmitted to the incident light 

ABSORPTION f ACTOR fhe ebtorpoon lector it the retio of 
the HM ebtorbed to the incident light 



ILLUMINATING CLASSES 

WHITE GLASS White jlett .t highl, diffusing jmk*** 4 neerty 
white, ■•Iky, or grey *p*>**t*nc* The diluting prooertiet ere en 
inherent, internet cherectenttic of the glett 

CASfD GLASS ( etcd jlett <i flm cowooted of two or *or< 
leyen of diHerent glettet. utuelly 1 deer, trentoerent lever to which 
•t edded e leyer of white, or colored gUit The <leit it tomet.aet 
t*t*rt*6 to M Aethcd, mjn leyer, or polyceied gleu 



HOMOGENEOUS GLASS Homoge 
ettentielly uniform compotition throughout 



II l$ glett of 
re 



ENAMELED GLASS Enemeled jleit .1 fleet which h* hed 
•POiied to ib turiece e coeting of ener»ei. The enemel *my be 
white or colored end mey heve venout decreet of dilution. 

MAT SURf ACf GLASS Met turfece *leu .1 <lett who* **. 
fece hei been eltered by etching, tend bitittng, grinding etc , to 
tncreeie the diKution Either one or both turfecct «*v be to treeted 

CONFIGURATED GLASS Configured gUo Is glett he«ng e 
petferned or irreguler tu'fece. utuelly epolied during febrxecion 
Such gletset ere tomewh^t dating 



PHOTOMETRIC STANDARDS 
AND TESTS 

PRIMARY LUMINOUS STANDARD A pri**rv | 

twnderd it one oy wtwen the un,t of lifN it etuoi. uied *nd troa 
which the veluet of other tunderrji ere der-ed A Miitfectory 
pri**r> tUnderd a wit be reproducible froa 



SECONDARY STANDARD A tecondery 
br«tcd coffeeriton with * 



cei. 



WORKING STANDARD A working 
IwmiAOvt tOu/ce lor de<lr uie in 



11 



IE5F LAMP - Atettl 



in 4 



i it e 



to be 



CHAR AC lERfSTK CURVE A 

e«prett«ng * 'eUtion between two v#ri*bfe 
townee, et 1 j 1 owe* 
cor\tur*ptior\ etc 

CURVE Of LK3HI DISTRIBUTION A cm of l.gh 
t*on 11 e Curve thowmg the «#rtetfton of lurainoui intensity 
or 1 . '1 ■ ■ 1 f r with tn^le of e*«tt*o*. 

SYMMETRICAL LfGHl DlSTRlBUIION A met 

distribution it one in which the Curvet of vertKel d»*r*< 
tutHUntielt* the %*m* lor «ll pl«'>rv 

ASYMMETRKAL LK3HT DISTRIBUTION \* ** 

light d'ttribution n one m which the curvet of vert<el d 
•re not the mm for ell pi< 



•t e curve 

01 Of e luttirtou* 
end 'etc of fuel 



ABBREVIATIONS 

The following et*>r 
SUnderdt At$ociet»on 



4el c 



rooi':#»v3ie( tj 
footiembert(i. 



BRIGHTNESS RATIO 



1 



PRISMATIC GLASS Pnvulic «Utt .1 cl<«r 9 Ust mio «Kom 

iuH«cC K Ub«ic4tcd 4 »«rie» ot ffivmx, rK« (unction ot *vKkK h to 
direct if>« incident li^ht in dcvcd directions. 

TRANSPARENT CiASS Tr4n,p4r«nt *m '» K«vmf no 



diHut 








ing Qt 


DOcrtie 



l. crvttel, cleer 



K)LISHEO PtATI GLASS — Pol.thed pfete gfeet rt gU» whot« 
wlfxe >rfegui«ritiei K«tv< been r— and by grmd»ng end pofithmg^ 
to thet the turtecet ere ipproaimerelv piene end Dere"' 



CHARACTERISTICS OF ILLUMINATION 

COCFFICIENT Of UTILIZATION " 1 ' rfTliliil nMTHftfMn 1 
Of «n illuMirv4tioo ivtita Hi |Im |o4fJ on tftc »wo Hw >fj pl<n« oV 
by tn« roul du. Iroa tK« l«*ot illu^n 
'» uMMlly M«Md to M K) inchci 



h* CM4n« Of 



COtOtS Of OtJCCTS TK« C oio# oi «n o^«<t „ <m 
ol *»« OOl«Ct to «od>f* tfc« co*o» Ot tlM I ■ «*>f 



COLO* A NTS SWtoncci*** 
of obtecti ere celled BBBMBB < 
decorative coetmgti 

DOMINANT WAVELENGTH 

eeneout lifht. whtch w^e^ ->«*> 

or Tf*oftiAAi i^trhtfi a : o4o# it I 



*)ff» oi fKe 



COMPLEMfNTARy WAVfLCNGTH The 



fHJtiTr 



ra e 



MNim oT the ic»*i*u* er«d 
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CHROMATICITY -Chromdt.c.ty is the expression of dominant 
wavelength and purity. For purples, which are mixtures of colors, 
chromaticity is expressed in terms of wavelength and purity of the 
complementary color. 

ILLUM INANTS 

LAMP The term lamp is the generic term for an artifical source 

of light. 

FILAMENT LAMP — A filament lamp is a light source consisting 
of a glass bulb containing a filament electrically maintained at 
incandescence. 

ELECTRIC DISCHARGE LAMP - An electric discharge lamp is 
a lamp in which light is produced by the passage of electricity 
through a metallic vapor or gas enclosed in a tube or bulb. 

FLUORESCENT LAMP - A fluorescent lamp is an electric dis- 
charge lamp in which the radiant energy from the electric discharge 
is transferred by suitable materials (phosphors) into wavelengths 
giving higher luminosity. 



EFFICIENCY OF A LIGHT SOURCE - The eff.c.ency of a light 
source is the ratio of the total luminous flux to the total power 
input. In an electric lamp it is expressed in lumens per watt. 

COLOR TEMPERATURE — The color temperature of a source of 

light is the temperature at which a blackbody must be operated to 
give a color matching that of the source in question. 

MEAN HORIZONTAL CANDLEPOWER - The mean horizon- 
tal candlepower of a lamp is the average candlepower in the 
horizontal plane passing through the luminous center of the lamp. 
It is assumed that the lamp or other light source is mounted in the 
usual manner, as in the case of a filament lamp, with its axis of 
symmetry vertical. 

SPHERICAL CANDLEPOWER -The (mean) spherical candle- 
power of a lamp is the average candlepower of the lamp in all 
d.rect.ons in space. It is equal to the total luminous flux of the lamp 
in lumens divided by 47r- 
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LARGE LAMP DEPARTMENT 



GENERAL 




ELECTRIC 



GENERAL ELECTRIC LARGE LAMP SALES AND SERVICE DISTRICT OFFICES 



SALES DISTRICTS 

(To Obtain Sales and Technical laiormaboo) 



CITT 

ALBANY, N.Y. 
ATLANTA, CA. 
BALTIMORE, MD. 
BOSTON, MASS, 

(Newton Upper F*Ua 

BUFFALO, N.Y, 
CHARLOTTE, N. C. . 
CHICACO, ILL. 
CINCINNATI, OHIO . 
CLEVELAND, OHIO 
DALLAS, TEXAS 
DENVER, COLO. 
DETROIT, MICH. 
HOUSTON, TEXAS 
INDIANAPOLIS, IND. 
N. KANSAS CITY, MO. 
LOS ANGELES, CALIF. 
MEMPHIS, TCIflf. 
MILWAUKEE, WIS. 
MINNEAPOLIS, MINN. 
NEWARK, N. I. 
NEW HAVEN, CONN. 

NEW ORLEANS, LA. . 
NEW YORK, N.Y. . . 
OAKLAND, CALIF. . 
PHILADELPHIA, PA. 
PITTSBURGH, PA. . 
PORTLAND, ORE. 
RICHMOND, VA. 
ROCK ISLAND, ILL. . 
SEATTLE, WASH. 
ST. LOUIS, MO. . . 
TAMPA, TLA. . , . 



(Zone) 



. 8 Elk Sir—t .... 
187 Spring Si.. N.W. . 
Court Squora Bldg. 

.) 50 Industrial Place . . 

438 Delaware Ave 

514 Johnston Bldg. . 

165 No Canal St. . . 

36 E. Fourth Si. 
. 1320 Williamson Bldg 

6SO0 Cedar Springi FH 
. 1863 W*<e* St 

14O0 Book Tower . 

807 C & I Liie Bldg 

UlSCirclaTowar 
. 200 Eajt 16th Ave. . . 
. 3450 Wilarnre Blvd. 
. 1179 Morehead Si. . . 

5032 PUnkinlon Bldg 

500 Stineon Blvd. 
. 744 Broad St , Room 606 

18S Church St. . . 

. 48O0 River Rd. . . 

570 Lexington Avt. 

999 - 98th Ave 
. MOSUeuftSt 

238 W Carson St 

2800 N W Nele St 

1004 No. Thcmpeon 

1 1 1 Fourth Ave 

202 Hogo Bldg. 

710 No. Twellth Blvd. . 
. 505 Twiggs Si. . . . 



7 
3 
2 

64 

2 
2 
6 
2 

14 

19 
2 

26 
2 
4 

16 
S 
7 
3 

13 
2 

10 

21 
22 
3 
2 
19 
10 
21 

4 

1 
2 



3-4447. . . . 
CYprata 1S26 
MUlberry 5-7733 

DE'-a ( jr 2-6200 . 
GArtield 7381 
EDiaon 4-8614 
DEerborn 2-4712. 
DUobar 1-2460 . 
CHerry 1-1010 . 
ELmhural 3725 . 
AMhersI 6-0285 . 
WOodward 3-6910 
CApitol 7-4291 . 
MElroae 2 2536 . 
GRand 1-3568 
DUnkirk 5-1681 
38-1441 . 
BRuadway 1-8580 
Starling 9-7286 
MArkel 3-3953 . 
LOcusI 2-9828 . 

VExnon 5-6421 
PLaae 1-1311. 
LOckheven 9-3422 
King- ley 5-3336 
GRant 1-9050 
CApitol 3 2101 . 



SERVICE DISTRICTS 

(To Order Limp* and to Obtain Shipping Information 
Local Warehouse Stocks maintained at these PoinU) 

(Zona) 

Bullalo Sarv. Dial.. 98 Hydraulic St.. Bulialo 10. N.T. 



680 Murphy Ava.. S. W 
1401 Parker Rd. . 

50 Industrial Placa 
98 Hydraulic St. . 
634 South Cadar St. 
4201 So. Pulaaki Rd. 
49 Central Ava. . 
1 133 E. 152nd St 
6500 Cedar Springs Rd. 
1663 Waza»St. . . 
1448 Wabeeh Ava. . 
5534 Armour Dr. . 



10 PLaaa 5-3736 

29 ARbutua 3491 

64 DEcarui 2-6200 

10 MOkawk O8O0 

1 EDiaon 2-2141 
32 CLilleide 4-6161 

2 GArtield 1-6810 
10 LIU- fly 1-1700 

19 ELmhurst 3725 
2 AMherst 6-028S 

16 WOodward 2-96 SO 

20 WAlnut 3 2549 



Cincinnati Sarv. Dig!., 49 Central Ave., Cincinnati 2. Ohio 

200 Eaat 16th Ava 16 GRand 1-3368 

1855 Industrial St 21 

1179MoreheadSt 7 
Chicago Sarv. Dial.. 4201 So Pulesti Rd.. Chicago 32. III. 
S00 Stinaon Blvd. . 13 STarling 9-7286 

133 Boyd St. ... 3 Blgelow 3-4500 

Boaton Sarv. Dial.. 50 Industrial Place 

(Newlon Uppor FalU 64, Mesa ) 

4800Rivar Rd. 21 VEraon 5*421 

N Y. Sarv Dial., 75-11 Woodbav«n Blvd 



TUcker 2463 
38-1441 



999 - 98th Ava 

32nd & Walnut Sta. . 
238 W. Careon Si . . 

2800 M W NelaSt. . 
6-2385 . . P. O. Boa 7427. Baltimore 27. Md 

8-3405 . . Ill Fourth Ava. . . 

SEnee* 8300 . Portland Sarv. Dial.. 2800 N W Net, 
CHrstnut I -8920 7 10 No. TwalHh Blvd. 
2-01 15 . . . 815 North 26th Si 



Glandala 27. N. T. 

3 LOckheven 9-3422 

4 EVerg'n 6-9600 
19 GRan! 1-9O50 
10 CApitol 3-2101 



— 8-3405 
S« . Portland 10. 
1 CHeetnut I 
1 4-4174 
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ddtt.on to the Sale, Dialnct Headquarters cittee hated above. G-E Lasnp eelaamen era reatdaal 
otoar cities Consult your telephone directory under General Electric Company Lamp Diviaioa. 

Genera] Oliices Mela Park, Cleveland 12, Ohio 



^ llc . lin LD ' 2 P . . NMtfMl* February, 1956 

Application Engineering 



